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ABSTRACT 


This c o l l e c t i o n  of papers d e a l s  with t h e  p lane tary  

morphology of ova l  a u r o r a l  zones a t  varying levels of 

magnetic d i s turbances ,  aurora  h e i g h t  i n  circumpolar areas, 

t h e  v a r i a t i o n s  of t h e  a u r o r a l  he ight  with v a r i a t i o n s  of 

p lane tary  magnetic dis turbances,  t h e  morphology of  U-like 

auroras ,  as w e l l  as h e i g h t  v a r i a t i o n s  of c e r t a i n  emissions. 

Auroras observed i n  y e a r s  of minimal and maximal polar  

a c t i v i t y  ( l a t i t u d e  d i s t r i b u t i o n ,  a u r o r a l  motion, t h e  

o r i e n t a t i o n  of elongated shapes) are compared. A system 

f o r  t h e  computerization of v i s u a l  observat ion d a t a  of auroras ,  

as used by t h e  meteorological network of t h e  USSR, is d e t a i l e d .  

I n v e s t i g a t i o n  r e p o r t s ,  covering a number of geophysical pheno

mena, which accompany t h e  i n t r u s i o n  of high energy p a r t i c l e s  

i n t o  t h e  upper l a y e r s  of t h e  atmosphere, are included. Varia

t i o n s  of x-ray r a d i a t i o n  i n  t h e  s t r a t o s p h e r e  are described. 

This  book is intended f o r  s t u d e n t s  of ionospheric  
auroras  and of t h e  v a r i a b l e  magnetic f i e l d  of t h e  Earth.  
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A COMPREHENSIVE INVESTIGATION OF THE POLAR IONOSPHERE 

L . S .  Yevlashin, S.A. Zaytseva, G.A. Loginov, G.A. 
Petrova, M . I .  Pudovkin, Z .  T s .  Rapoport, V.K. Roldugin, 

N . S .  Smirnov, G.V. Starkov, P. Ya. Sukhoivanenko, 
N.V. Shul 'gina 

The paper p r e s e n t s  r e s u l t s  of simultaneous observat ions 
on a ver t ical  sounding s t a t i o n  and by r iometers ,  opera t ing  on 
s e v e r a l  f requencies ,  of t h e  s ta te  of ionosphere of t h e  var ia 
t i o n s  of t h e  e lec t romanet ic  f i e l d  of the Earth and of t h e  
i n t e n s i t y  of t h e  s p a t i a l  p o s i t i o n  and spectrum of aurora .  
The paper d iscusses  t h e  s p a t i a l  connection of e l e c t r i c  
c u r r e n t s  i n  t h e  ionosphere,  aurora  and ionospheric  inhomogen
ei t ies  (E l a y e r  and t h e  region of the  enhanced radiowaves 

S 

absorp t ion) .  

absorpt ion of cosmic radioemission and i t s  v a r i a n t s  depend-


The paper ana lyses  t h e  frequency dependence of 

i n g  on t h e  form of aurora  and on t h e  depth of pene t ra t ion  
of ion iz ing  r a d i a t i o n .  The r e l a t i v e  i n t e n s i t y  of streams 
of a u r o r a l  protons and e l e c t r o n s  i s  evaluated. The paper 
a l s o  d iscusses  t h e  micros t ruc ture  of geomagnetic d i s turb
ances connected with active and q u i e t  forms of aurora.  

In  s p i t e  of t h e  l a r g e  number of r e p o r t s  which e s t a b l i s h  a c l o s e  c o r r e l a t i o n  /5* 

between auroras  and geomagnetic and ionospheric  dis turbances [ l  - 51, t h e  de

t a i l e d  r e l a t i o n s h i p  between t h e s e  phenomena has  a s  y e t  n o t  been c l a r i f i e d .  

Notably, auroras ,  and geomagnetic bays are usua l ly  accompanied by t h e  appear
ance of sporadic  formations of t h e  E l a y e r  l e v e l .  However, u n t i l  now i t  has

S 


n o t  been e s t a b l i s h e d  whether t h e  regions of a u r o r a l  glows and increased ion

i z a t i o n ,  which produces t h e  r a d i o  echo on t h e  ionograms, do indeed coincide 

s p a t i a l l y .  

It is n o t  e n t i r e l y  c l e a r  a t  what he ight  t h e  region of increased ion iza t ion  

respons ib le  f o r  r a d i o  wave absorpt ion i n  a u r o r a l  zones during geomagnetic 
._* 
Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  o r i g i n a l  fore ign  t e x t .  
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dis turbances  is  loca ted ,  n o r  do we know how t h i s  region i s  r e l a t e d  t o  

s imul taneous ly  observed auroras  and t h e  E layer .  The problem becomes 
S 


considerably complicated because d i f f e r e n t l y  shaped auroras  are apparent ly  

caused by t h e  i n t r u s i o n  of corpuscular  streams with d i f f e r e n t  energy s p e c t r a ,  
I 

and are accompanied by t h e  emergence of increased  i o n i z a t i o n  at d i f f e r e n t  he ights .  

Moreover, t h e  energy spectrum of t h e  i n t r u d i n g  corpuscles  and,  consequently, 

t h e i r  p e n e t r a t i o n  depth,  may vary during a s i n g l e  d is turbance ,  t h e  laws governing 

t h e  v a r i a t i o n s  being unknown. 

The i n v e s t i g a t i o n  of a u r o r a l  o p t i c a l  s p e c t r a  r e v e a l s  t h e  presence of 

hydrogen emissions. The r e l a t i v e  i n t e n s i t y  of t h e s e  emissions i n d i c a t e s  t h a t  

t h e  proton stream is  usua l ly  much less i n t e n s e  than t h e  e l e c t r o n  stream [ 6 ] .  

This conclusion is supported by d i r e c t  measurements of i n t r u d i n g  proton p a r t i c l e  

streams, using rocke ts  [7, 81. However, t h e  energy of t h e  i n t r u d i n g  protons,  

computed from rocket  da ta ,  is at  l e a s t  by one order  of magnitude g r e a t e r  than 

t h e  energy determined from t h e  magnitude of t h e  Doppler s h i f t  of hydrogen l i n e s  

i n  t h e  a u r o r a l  spectrum [ 9 ] .  I n  view of t h i s ,  the  problem regarding t h e  rel

a t i v e  r o l e  of t h e  proton and e l e c t r o n  streams cannot be considered solved,  

and a d d i t i o n a l  i n v e s t i g a t i o n s  i n  t h i s  d i r e c t i o n  a r e  of d i s t i n c t  i n t e r e s t .  

Experimental Findings 

. 
The c l o s e  r e l a t i o n s h i p  and r e c i p r o c i t y  of t h e  aforenamed geophysical 

phenomena determine t o  a c e r t a i n  degree t h e  methods t o  be appl ied  i n  t h e i r  

i n v e s t i g a t i o n .  Only simultaneous and d e t a i l e d  i n v e s t i g a t i o n  can f u r t h e r  widen 

our  knowledge regarding t h e  charac te r  and n a t u r e  of phys ica l  processes  i n  t h e  

ionosphere,  which are r e l a t e d  t o  t h e  i n t r u s i o n  of corpuscular  streams i n t o  -16 
t h e  upper l a y e r s  of t h e  Ear th ' s  atmosphere. 

phys ica l  I n s t i t u t e  i n i t i a t e d  t h e  use of t h e  fol lowing methods of complex 

I n  view of t h i s ,  the  Polar  Geo

i n v e s t i g a t i o n  of t h e  d is turbed  ionosphere. 

1. Vertical ionospheric  sounding, using a panoramic ionospheric  

s t a tion .  

2.  Measuring r a d i o  wave absorpt ion i n  t h e  ionosphere by t h e  radio-

astronomy method A2 a t  a series of f requencies .  
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3 .  R e g i s t r a t i o n  of t h e  Ear th ' s  e lectromagnet ic  f i e l d  v a r i a t i o n s ,  using 

equipment with varying s e n s i t i v i t y  and varying rate of photographic paper 

processing. 

4 .  Auroral photography, using C-180 cameras. 

5 .  Photography of a u r o r a l  s p e c t r a  by SP-48 high-dispersion spectro
0 

graphs covering t h e  s p e c t r a l  range from 4 , 1 0 0  t o  6 , 8 0 0 A  , and by a p a t r o l  

spectrograph C-180-S. 

6 .  Auroral i n t e n s i t y  r e g i s t r a t i o n  i n  i n t e g r a l  l i g h t ,  using a z e n i t h  

photometer. 

7 .  Studying t h e  s p a t i a l  b r igh tness  d i s t r i b u t i o n  of auroras  i n  t h e  
0 

emissions of 4 2 7 8 ,  5 3 0 0 ,  5 5 7 7 ,  5 8 9 3 ,  and 6300 A, using a scanning photometer 

with a 3' angle  of v i s i o n  and t h e  rate of scansion of t h e  celestr ia l  hemisphere 

, a t  8 seconds p e r  f i l ter .  

8. Measuring t h e  a u r o r a l  height  by t r i a n g u l a t i o n  as both by 

photographs taken wi th  C-180 cameras and by using v i s u a l  sounding of t h e  a u r o r a l  

angular  he ight .  

The observat ion s t a t i o n s  w e r e  l o c a t e d  i n  Murmansk ( 4  = 68,"57' N; 

h = 33"05' E) and i n  Loparskaya, which i s  37 km south of Murmansk. The 

angular  d i s t a n c e  between t h e s e  two s t a t i o n s  i s  20.4 of t h e  a r c  of t h e  l a r g e  

c i rc le ,  r a t h e r  than 2 4 ' ,  as erroneously ind ica ted  i n  [lo]. The d i r e c t i o n  

Loparskaya - Murmansk makes a 14" angle  w e s t w a r d  with respec t  t o  t h e  geographic 

meridian. Theodol i tes  with s i g h t i n g  devices  w e r e  used f o r  t h e  v i s u a l  sounding 

of a u r o r a l  angular  he ights .  Auroral  h e i g h t s  w e r e  taken from nomograms, cal

cula ted  from formulae, as suggested i n  [lo]. The observat ions w e r e  synchro

nized,  using d i r e c t  radio- te lephonic  communications between t h e  observat ion 

s t a t i o n s .  

Two n i g h t s  w e r e  s e l e c t e d  f o r  observat ions:  2 - 3  and 6 - 7 March 1 9 6 5 ;  

during the.  f i r s t  n i g h t ,  a moderate geomagnetic p o l a r  storm took p lace ,  where

as a s m a l l  geomagnetic s torm occured during t h e  second n ight .  

The ionospheric  processes  during those  two n i g h t s  'developed as fol lows:  



On 2 March, auroras  became apparent immediately at  dusk. A t  16h 53m 

(here  and below, w e  are r e f e r r i n g  t o  world t ime) ,  an aurora  appeared a t  t h e  

n o r t h e r n  horizon;  it soon took t h e  shape of an arc which began t o  rise 
h h

above t h e  horizon.  A t  17 26m, t h e  auroras  reached t h e  z e n i t h  and, up t o  21 , 
whi le  t h e  sky w a s  clouded, t h e r e  w e r e  dynamic r a d i a n t  auroras  with varying 

b r i g h t n e s s  reaching a s t r e n g t h  of 3. A f t e r  21h , t h e r e  w a s  p r e c i p i t a t i o n  i n  t h e  

form of snow; however, auroras  w e r e  s t i l l  apparent i n  t h e  nor thern  d i r e c t i o n  

through t h e  clouds.  

On 6 March, auroras  began a t  l g h  20m. I n  t h e  n o r t h  a uniform arch  
formed. which, gradual ly  becoming s t r o n g e r ,  approached t h e  zeni th .  

20h, r a d i a l  shapes became apparent and auroras  occupied t h e  major p a r t  of t h e  

SkY-Beginning a t  21h 40m, t h e  auroras  became weaker, and by lh20m they w e r e  t o t a l 

l y  e x t i n c t .  P r i o r  t o  t h e i r  disappearance,  some p u l s a t i n g  s p o t s  w e r e  apparent i n  
t h e  sky f o r  a s h o r t  while .  During t h i s  day, h e i g h t  measurements of aurora  w e r e  

performed s t a r t i n g  only from 20h 30m. The he ight  of t h e  arc, f a r  i n  t h e  n o r t h  

(60 - 70' from t h e  z e n i t h ) ,  w a s  measured. Meanwhile, weak but  ex tens ive  

d i f f u s e d  s u r f a c e s  and glows w e r e  observed a t  t h e  zeni th .  

Figure 1, a shows t h e  curves of t h e  electrophotometr ic  s e c t i o n s  of t h e  

glow i n t e n s i t y  of t h e  Murmansk-Loparskaya d i r e c t i o n .  The s o l i d  curve def ines  
0 +t h e  glow i n t e n s i t y  s e c t i o n  i n  t h e  emission 4278 A (0.1) l N G N  2 - This i s  an 

adequately wide band, w e l l  centered with respec t  t o  t h e  f i l t e r ' s  pass  band. 

The dashed l i n e  def ines  t h e  t r a n s i t i o n  t o  t h e  non-linear region of t h e  scale, /8 
where i t  w a s  d i f f i c u l t  t o  determine its magnitude wi th  s u f f i c i e n t  accuracy. The 

d o t t e d  curve def ines  t h e  a u r o r a l  i n t e n s i t y  s e c t i o n  i n  a f i l t e r  centered a t  
0 0 

5900 A with  a half-width of about 100 A . There i s  a r e l a t i v e l y  s t r o n g  N a I  

l i n e  i n  t h i s  region,  bu t  i ts i n t e n s i t y  should n o t  change notab ly  as a 

f u n c t i o n  of a u r o r a l  a c t i v i t y ,  and hence, i n  t h e  presence of aurora ,  t h e  b igges t  

c o n t r i b u t i o n  t o  t h e  glow i n  t h i s  f i l t e r  i s  provided by N 2 bands: (10.6) 1PG 

and(8.4) 1 PG. The t o t a l  i n t e n s i t y  of t h e s e  bands with a glow f o r c e  of 2 may 

reach 2 k p e l  [ll - 131. These bands are u s u a l l y  e x c i t e d  by e l e c t r o n s  and are 

r e l a t e d  t o  low B-type auroras .  Figure l b  shows t h e  relative magnitude of 

ionospher ic  absorp t ion  of cosmic radio-frequency r a d i a t i o n  f o r  f o u r  f requencies  

4 




Figure 1. 	 The development of aurora ,  magnetic and ionospheric disturbances on 
March 2, 1965 at various times (numeration is Arabic numerals; graphs 
c and d show the time by arrows). 

a - Auroral br ightness  d i s t r ibu t ion  along the  fperidian 
i n  f i l t e r s  4280 ( so l id  l i n e )  , and 5900 A (dotted l i n e ) ;  

b - Relationship between the  r iometr ic  absorption and the 
frequency; 

c - In t ens i ty  of e l e c t r i c a l  currents  i n  the  ionosphere; 
d - Observation t i m e  of var ious short-period var ia t ions ;  the 

blackened rectangles  r e f e r  t o  Pi2 + P 1, the  l i g h t
C 

rectangles  r e f e r  t o  Pil. 



'(9, 13, 25, and 40 Mc). The dot ted  l i n e  reflects t h e  q u a d r a t i c  frequency 

r e l a t i o n s h i p .  The s l o p e  angle  of t h e  experimental  curve y i e l d s  t h e  a c t u a l  index 

of t h e  e x t e n t  of t h e  frequency r e l a t i o n s h i p .  The frequency of t h e  gyromagnetic 

e l e c t r o n  precession ( f  H = 1.5  Mc) w a s  taken i n t o  account during t h e  c a l c u l a t i o n s .  

I n t e n s i t y  v a r i a t i o n s  of t h e  equivalent  e lectr ical  c u r r e n t  i n  t h e  ionosphere, 

obtained from magnetic da ta ,  are shown i n  Figure IC. I n  compiling t h e s e  da ta ,  

i t  w a s  assumed t h a t  t h e  cur ren t  flows as a 200 km wide homogenous band, a t  

a h e i g h t  of 100 km. 

Short-period v a r i a t i o n s  of var ious  types ,  observed i n  t h e  geomagnetic 

f i e l d ,  are shown on Figure Id .  

A t  18h lom, t h e  aurora  d ied  out ,  even though remains of r a d i a l  shapes w e r e  

s t i l l  v i s i b l e  i n  t h e  w e s t .  The absorpt ion of cosmic r a d i o  i n t e r f e r e n c e  at  a 

frequency of 9 M c  amounted t o  about 2 db. This  moment i s  def ined by a near-

q u a d r a t i c  r e l a t i o n s h i p  between t h e  absorp t ion  and t h e  frequency, and by weak 
0 

glow of t h e  4278 A emission. This  glow goes up somewhat a t  t h e  horizons,  
hpresumably due t o  t h e  Van Rein e f f e c t .  By 18 26m, t h e  n a t u r e  of t h e  glow and 

t h e  frequency r e l a t i o n s h i p  s t i l l  remained p r a c t i c a l l y  unchanged, even though 

a t  a frequency of 9 M c  t h e  absorpt ion went up t o  4 db. Filamentary aurora  

appeared at  t h e  zeni th ;  no 1 PGN2 bands were observed. This  per iod has  a 

moderate and p o s i t i v e  magnetic dis turbance wi th  only minute q u a n t i t a t i v e  

changes. AT 18h 38m, a r a d i a n t  arc w a s  formed i n  t h e  south.  A t  t h i s  t i m e  

i n  t h e  magnetic f i e l d ,  a t r a n s i t i o n  through zero  began i n  t h e  h o r i z o n t a l  

component, and a b u r s t  o f  short-period v a r i a t i o n s  w a s  observed. Bands of 

1 PGN2 appeared, and t h e  power index (n) of t h e  frequency r e l a t i o n s h i p  of 

r i o m e t r i c  absorpt ion decreased. The absorpt ion itself w a s  r e l a t i v e l y  s m a l l  

(about 1.5 db f o r  9 Mc). By 18h 48 t h e  value of n , a s  compared t o  t h e  

previous observat ions,had changed very l i t t l e ,  even though extremely b r i g h t  

glows, encompassing t h e  e n t i r e  sky, w e r e  noted. The absorp t ion  meanwhile 

went up t o  10 db. A t  18h 56m, i n  s p i t e  of t h e  f a c t  t h a t  t h e  absorpt ion and t h e  

glow i n t e n s i t y  w e r e  s t i l l  high,  n became equal  t o  two. Simultaneously, t h e  

1 PGN2 glow decreased considerably.  

6 



A t  19h 24m and 19h 38m, t h e  d i s c r e t e  shapes disappeared and only a glow 

remained i n  t h e  northern s e c t o r  of t h e  firmament. While t h i s  glow w a s  r e l a t i v e l y  

s t rong ,  i t  had a very w e a k  1P a 2 ,  and t h e  r e l a t i o n s h i p  between absorp t ion  and 

frequency w a s  pure ly  quadra t ic .  The 1PGN2 glow, which w a s  gradual ly  dying 

o f f ,  w a s  observed only a t  t h e  horizon. A t  t h i s  p o i n t ,  t h e  electrical  cur ren t  

i n  t h e  ionosphere reached a considerable  magnitude of about 1.4 x 105 A. 

The absorp t ion  level a l s o  went up s i g n i f i c a n t l y :  maximum 9 db a t  a 9 M c  f r e 

quency. Simultaneously, t h e  n a t u r e  of short-range v a r i a t i o n s  of t h e  geomagnetic 

f i e l d  a l s o  changed. A t  20h, t h e  cur ren t  i n t e n s i t y  and t h e  absorpt ion decreased 

(A X 2.7 db a t  a frequency of 9 Mc) . Filamentary arc-shaped aurora w e r e  con

c e n t r a t e d  i n  t h e  nor thern  h a l f  of t h e  sky. No scanning photometer d a t a  

regarding t h i s  moment are a v a i l a b l e .  There w a s  some devia t ion  from t h e  q u a d r a t i c  

r e l a t i o n s h i p  between t h e  absorpt ion magnitude and t h e  frequency. 

The d a t a ,  shown i n  Figure 1, l e a d  t o  t h e  conclusion t h a t  t h e  exponent 

of t h e  frequency r e l a t i o n s h i p  n and t h e  micropulsat ion n a t u r e  of t h e  geomag- /9 
n e t i c  f i e l d  are c l o s e l y  r e l a t e d  t o  t h e  a u r o r a l  shape and t o  t h e  relative glow 

i n t e n s i t y  of t h e  f i r s t  p o s i t i v e  N2 system. For p r a c t i c a l  purposes,  they are 

independent of t h e  absorpt ion magnitude and of t h e  o v e r a l l  a u r o r a l  i n t e n s i t y .  

I n  two i n s t a n c e s  ( a t  18h 40m and 19h lom) during t h e  observafion per iod ,  t h e r e  

w e r e  a c u t e  decreases  of n;  they l a s t e d  10 - 15 minutes and were accompanied 

by a s t rengthening of t h e  1 PGN2 emission. A more d e t a i l e d  a n a l y s i s  of t h e  

obtained d a t a  i s  given below. 

The Relat ionship Between Aurora and Electrical  

Currents  i n  t h e  Ionosphere 

W e  w i l l  now analyze t h e  s p a t i a l  r e l a t i o n s h i p  between auroras  and electrical  

c u r r e n t s  i n  t h e  ionosphere. The c e n t r a l  graph i n  Figure 2 shows t h e  cg p o s i t i o n  

of t h e  cur ren t  l a y e r  wi th  re ference  t o  t h e  z e n i t h  during t h e  d is turbance  on 

2 March. The cg p o s i t i o n  of t h e  c u r r e n t  system w a s  determined from t h e  s lope  

angle of t h e  v e c t o r  of t h e  magnet ic  dis turbance.  The f i e l d  of c u r r e n t s ,  

induced i n  t h e  Ear th ,  w a s  no t  taken i n t o  account d u e ' t o  t h e  low conduct iv i ty  

of t h e  upper Ear th  l a y e r s  on t h e  Kola peninsula  [14]. 
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l,sH, emission i n t e n s i t y  

200 km 

1 

I I , 

Figure 2. Relat ionship between aurora 
and e l e c t r i c a l  c u r r e n t s  i n  t h e  ionosphere. 

1. Ha emission i n t e n s i t y ;  

2. 1PGN2 emission i n t e n s i t y ;  

3. P o s i t i o n  of e lectr ical  cur ren ts ;  

The diagram shows t h a t  the  t i m e  dependence of 

It is  impossible  t o  determine 

t h e  p o s i t i o n  of e l e c t r i c a l  c u r r e n t s  

i n  t h e  ionosphere from t h e  d a t a  

of one magnetic s t a t i o n  without 

making a d d i t i o n a l  assumptions as 

t o  t h e  conf igura t ion  of t h e  c u r r e n t s .  

Thus, t h e  c a l c u l a t i o n s  w e r e  per

formed with t h e  assumption t h a t  

t h e  c u r r e n t s  flow a t  a he ight  of 

100 km i n  t h e  form of a 200 km 

wide band. The r e s u l t s ,  t h u s '  

obtained,  l e a d  t o  an approximate 

estimate of t h e  p o s i t i o n  of t h e  

c u r r e n t s  and i t s  v a r i a t i o n s .  

Figure 2 a l s o  shows t h e  

emission i n t e n s i t i e s  of Ha and of 

1 PGN2 a t  a 30" angle  t o  t h e  n o r t h  

(N) and t o  t h e  south (S),  obtained 

with a C-180-S s p e c t r a l  camera. 

H a and 1PGN2 emissions i s  not  

always i d e n t i c a l .  This genera l ly  i n d i c a t e s  t h a t  t h e i r  e x c i t a t i o n  i s  independ

ent .  Moreover, i t  agrees  with t h e  genera l ly  accepted assumption, i . e . ,  i f .  

t h e  presence of hydrogen emission i n  auroras  i n d i c a t e s  t h e  i n t r u s i o n  of pro

tons  i n t o  t h e  ionosphere,  then 1PGN2 i s  u s u a l l y  caused by e l e c t r o n  i n t r u s i o n .  

A comparison of t h e  i n t e n s i t y  p a t t e r n  of H a and 1 PGN2 a t  d i f f e r e n t  

p o i n t s  of t h e  finnament f o s t e r s  s p e c i f i c  conclusions regarding t h e  instantaneous 

p o s i t i o n  of t h e  i n t r u s i o n  region of proton and e l e c t r o n  f l u x e s ,  and makes i t  

poss ib le  t o  compare t h i s  p o s i t i o n  with t h e  p o s i t i o n  of e l e c t r i c a l  c u r r e n t s  i n  the  

ionosphere. 

A s  i n d i c a t e d  i n  Figure 2 ,  as of 16h 30m and up t o  17h, t h e  H emission w a s  a 
observed i n  t h e  n o r t h  and w a s  n o t  seen i n  t h e  south.  A t  t h e  same t i m e ,  the  

8 
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1 PGN 2 i n t e n s i t y  i n  both d i r e c t i o n s  w a s  s m a l l .  Simultaneously, t h e  e l e c t r i c a l  
~ 


~ c u r r e n t s  i n  t h e  ionosphere w e r e  approximately 70 km n o r t h  of t h e  zeni th .  A f t e r  /10 

i 17h, t h e  hydrogen emission i n  t h e  n o r t h  disappeared, and not iceably  increased 
I 

i n  t h e  southern h a l f  of t h e  firmament. Almost simultaneously,  t h e  cg of t h e  
- h 

c u r r e n t s  a l s o  s h i f t e d  t o  t h e  south  of t h e  zeni th  and remained t h e r e  u n t i l  1 9  ,. 
i n  s p i t e  of t h e  f a c t  t h a t  a r a t h e r  i n t e n s i v e  1PGN2 glow during t h a t  t i m e  w a s  

observed i n  t h e  nor th .  The appearance of  Ha a t  19h i n  t h e  nor th  was a l s o  accom

panied by a s h i f t  of t h e  c u r r e n t s  n o r t h  of t h e  zeni th .  

These f ind ings  i n d i c a t e  t h a t  a t  least  during t h e  s p e c i f i e d  day, t h e  

e l e c t r i c a l  c u r r e n t s  w e r e  s p a t i a l l y  connected t o  t h e  hydrogen emission glow 

range, whereas i n  t h e  1PGN2 glow range, t h e r e  w e r e  no n o t i c e a b l e  c u r r e n t s .  

This i s  a l s o  supported, by t h e  f ind ings  reported i n  [15]. Such a conclusion 

appears t o  c o n t r a d i c t  t h e  generally-held viewpoint , i .e. , t h a t  auroras  and 

geometric bays are e s s e n t i a l l y  caused by t h e  i n t r u s i o n  of e l e c t r o n s  i n t o  t h e  

lower atmosphere, r a t h e r  than of protons [6]. 

It should be noted, however, t h a t  during t h e  evening, Ha and 1 PGN2 e m i s 

s i o n s ,  as .a  r u l e ,  are observed i n  auroras  of d i f f e r e n t  shape: hydrogen emission 

is usual ly  found i n  wide and s t a b l e  homogeneous and d i f fused  arcs, whereas 

1 PGN2 is  a s s o c i a t e d  with shor t - l ived  uns tab le  r a d i a l  shapes which, even though 

they are b r i g h t ,  a r e  a l s o  r a t h e r  r e s t r i c t e d  i n  t e r m s  of a rea .  

Thus, the  i n t e n s i t y  of electric c u r r e n t s  i s  apparent ly  not  determined by 

t h e  stream (proton o r  e l e c t r o n )  t h a t  causes t h e  aurora ,  bu t  by t h e  i n t e n s i t y ,  of 

t h e  stream, i t s  length  and t h e  area t h a t  i t  occupies i n  t h e  sky. This  conclusion 

i s  confirmed by t h e  f a c t  t h a t  t h e  i n t e n s i t y  of magnetic d is turbances  reaches i ts  

maximum a f t e r  midnight, even though hydrogen emission a t  t h i s  t i m e  i s  no longer  

observed. Apparently t h e  e s s e n t i a l  f a c t  is  t h a t  auroras  assoc ia ted  with e l e c t r o n  

i n t r u s i o n  l o s e  t h e i r  r a d i a l  s t r u c t u r e  and appear i n  t h e  form of wide d i f f u s e d  

arcs and s u r f a c e s .  

What then is t h e  energy of t h e  i n t r u d i n g  protons? Inasmuch as auroras  

wi th  hydrogen emission are c l o s e l y  assoc ia ted  wi th  e l e c t r i c a l  c u r r e n t s  i n  t h e  

9 
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ionosphere which can hard ly  flow above a 120 km l e v e l  [16, 1 7 1 ,  i t  appears t h a t  

t h e  i n i t i a l  energy of t h e  in t rud ing  protons must be not  less than 100 keV [6] .  

This  i s  supported by t h e  f a c t  t h a t  between 17h and 20h on 2 March 1965, when 

according t o  t h e  da t a  of ionospheric  s t a t i o n  a s t a b l e  E l a y e r  ex i s t ed  a t  a 
S 

he igh t  of  105 - 120 km, a broad d i f fused  band, conta in ing  H w a s  observed 
0. 


south  of  i t  a t  t h e  zen i th .  I f  we assume t h a t  such a sporadic  i o n i z a t i o n  occurs  

as a r e s u l t  of a proton stream i n t r u s i o n  i t  would fo l low t h a t  t h e i r  energy 

must be of t he  o rde r  o f  100 keV [6] .  This agrees  with t h e  f ind ings  reported 

i n  [18].  

Thus, t he  c i t e d  magnetic and ionospher ic  d a t a ,  obtained from rocket  

measurements [8 ] ,  i n d i c a t e  t h a t  t he  i n i t i a l  energy of t h e  in t rud ing  pro t rons  

must be of t h e  o rde r  of 100 keV. Lower energy obtained f romtheshape  of t h e  

hydrogen emission contour ( 2  - 5 keV) [9] 

[19 , 201, by t h e i r  d i spe r s ion  and by the  

pro tons .  

A t  t he  same t i m e ,  i t  should be  noted 

apparent ly  i s  q u i t e  n e g l i g i b l e .  Actual ly ,  

i e d  by s m a l l  magnetic d i s turbances  [15]. 

can be explained,  according t o  

d i r e c t i o n  of motion of t h e  in t rud ing  

t h a t  t he  proton f l u x  i n t e n s i t y  

hydrogen a r c s  are usua l ly  accompan-

During t h e  day under cons idera t ion ,  

t h e  i n t e n s i t y  of p o s i t i v e  bays,  a s soc ia t ed  with t h e  hydrogen a r c ,  d id  not  

exceed 150 y .  Fur ther ,  ionospher ic  d a t a  a l s o  i n d i c a t e  t h a t  t h e  maximum 

i o n i z a t i o n  dens i ty  i n  t h e  E
S 

l a y e r  and the  magnitude of r iome t r i c  absorpt ion 

w e r e  s m a l l ,  and d id  not exceed 30% of t h e  corresponding va lues  observed 

dur ing  1 PGN2 f l a r e s  around 19h . I f  w e  were t o  neg lec t  t h e  v a r i a t i o n  of t he  

recombination c o e f f i c i e n t  with he igh t ,  and assume t h a t  t he  i o n i z a t i o n  dens i ty  

i n  t h e  E
S 

l a y e r  i s  p ropor t iona l  t o  t h e  energy suppl ied  by t h e  ion iz ing  f l u x  

p e r  u n i t  t i m e ,  then w e  can assume t h a t  t h e  maximum dens i ty  of  t h e  energy f l u x  

-c a r r i e d  by t h e  proton stream between 1 7 h  and 18h w a s  approximately smaller 11.1 
than t h e  dens i ty  of t h e  e l e c t r o n  f l u x  at  gh by t h e  f a c t o r  of t h r e e .  

10  
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Obviously, t h e  i n t e n s i t y  r a t i o  of t he  proton and e l e c t r o n  f luxes  is 

where ne, n
P 

are e l e c t r o n  and proton concent ra t ions  i n  t h e  stream, r e spec t ive ly ;  

and v
P'  

E 
e 

and E
P 

are v e l o c i t y  and energy, r e spec t ive ly ;  E i s  t h e  r a t i o  
e 

of t h e  energy f l u x  dens i ty  i n  proton and e l e c t r o n  streams. 

S e t t i n g ,  i n  accordance with t h e  aforenamed estimates, E = 1/3, Ep = 100 

keV and s e t t i n g  convent ional ly  t h a t  E is of t h e  o rde r  of 6 keV, w e  f i n d  t h a t  e 

This  does no t  subs t an t ive ly  con t r ad ic t  t h e  da t a  obtained from rocket  soundings 

[81* 

r e l a t i v e  u n i t s  

30 

S & W ill 2 W ill A N 

I UT 

-200 

Figure 3 .  I n t e n s i t y  d i s t r i b u t i o n  of t h e  
glows of Ha and 1PGN2 emissions along 
t h e  meridian during a negat ive  bay on 8 
February 1959. 

1. 	 Ha emission i n t e n s i t y ;  

2 1PGN2 emission i n t e n s i t y ;  

According t o  the  contemporary 

t h e o r i e s  dea l ing  with the  emergence of 

p o l a r  magnetic d i s turbances ,  t he  

genera t ion  of an e l e c t r o s t a t i c  

f i e l d  and e l e c t r i c  cu r ren t s  i n  t h e  ion

osphere is caused by charge sepa ra t ion  

i n  t h e  corpuscular  stream [ 2 1  - 231 

which i n i t i a l l y  w a s  n e u t r a l .  The 

d i r e c t i o n  of t h e  cu r ren t  is  determined 

by t h e  (south o r  nor th)  

displacement d i r e c t i o n  of pro tons  wi th  

respect t o  e l ec t rons .  The a fore-

named d a t a  i n d i c a t e  t h a t  t h e  i n t r u s i o n  

reg ions .of  protons and e l e c t r o n s  

indeed can be s c a t t e r e d  considerably.  
h hMoreover, between 17  and 19 when 

3. 	 P o s i t i o n  of e l e c t r i c a l  cu r ren t s ;  t h e  hydrogen emission is  observed 

south of t he  i n t r u s i o n  reg ion  of 

v 



e lec t rons ,  6H > 0, i .e. ,  t h e  e l e c t r i c a l  c u r r e n t s  i n  t h e  ionosphere flow east

ward. This  appears t o  support  t h e  aforenamed po in t  of v i e w .  However, a more 

d e t a i l e d  a n a l y s i s  i n d i c a t e s  t h a t  p o s i t i v e  and negat ive  bays can be observed 

i n  any p o s i t i o n  of t h e  hydrogen emission glow with respec t  t o  t h e  1 PG"
2 glow 

region.  Thus, Figure 3 (according t o  t h e  d a t a  i n  [24]) shows a case t h a t  took 

p l ace  a t  21h 40m on 8 February 1959. A t  t h i s  p o i n t ,  t he  hydrogen emission, 

as i n  the  given day, w a s  observed south of t h e  e l e c t r o n  i n t r u s i o n  region. 

Y e t ,  i n  t h e  magnetic f i e l d ,  t h e r e  w a s  an i n t e n s e  nega t ive  bay, r a t h e r  than a /12 
p o s i t i v e  bay. Thus, t h e  r e c i p r o c a l  p o s i t i o n s  of  t h e  glow reg ions  of proton and 

e l e c t r o n  aurora  apparent ly  do not  determine t h e  d i r e c t i o n  of t h e  e l e c t r i c  

cu r ren t s  i n  t h e  ionosphere,  n o r  do they have any bear ing  upon t h e  s ign  of t h e  

magnetic dis turbance.  

Auroral  Shapes and t h e  Height of t h e  Auroral  Ion iza t ion  

Region 

We w i l l  now cons ider  t he  r e l a t i o n s h i p  be tweenaurorasand  regions of 
+a u r o r a l  i o n i z a t i o n  i n  t e r m s  of he ight .  The presence of an i n t e n s i v e  1 NGN2 

emission i n  the  spectrum sugges ts  a high ra te  of i on  formation i n  glow regions.  

The r e l a t i v e l y  s m a l l  he ight  of au ro ra l  a r c s  and t h e i r  pronounced lower edge 

i n d i c a t e  a s t e e p  energy spectrum of ion iz ing  corpuscular  s t reams.  Thus i t  i s  

reasonable  t o  assume t h a t  t h e  region of a u r o r a l  a l t i t u d i n a l  i on iza t ion  

approximately coincides  with the  range of a u r o r a l  glow. 

Figure 4 shows t h e  mean he igh t s  of p o l a r  auroras  and t h e  he igh t s  of  t h e  

Es l a y e r .  These d a t a  w e r e  obtained from t h e  f ind ings  of a v e r t i c a l  sounding 
hs t a t i o n  on 2 March 1965. The graph i n d i c a t e s  t h a t  between 1 7 h  45m and 18 5m 

the  he igh t s  of t h e  aurora  and of t h e  E l a y e r  d i f f e r  considerably,  and t h e i r  
S 


v a r i a t i o n s  appear t o  be independent.  This f ind ing  t o  some ex ten t  confirms the  

assumption t h a t  t h e  sporadic  ion iza t ion ,  observed a t  t h i s  t i m e ,  i s  assoc ia ted  

wi th  hydrogen glows a t  the  z e n i t h  and south of i t ,  r a t h e r  than with the  b r i g h t  

are i n  t h e  North. The he ight  of t h i s  a r c  does not  exceed 50" above t h e  nor thern  

horizon,  and t h e  a r c  i t s e l f  i s  a r e s u l t  of t h e  i n t r u s i o n  of an e l e c t r o n  stream. 

1 2  
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4 km A t  about 18h 45m , t h e  hydrogen 

t20 emission i n t e n s i t y  apprec iab ly  decreases.lQ\y' './ The aurora  i n  t h e  no r th  breaks up i n t o  a 
Ill0 

2 number of r a d i a l  and d i f fused  forms, 

i
I- 1. 1 becomes s t ronge r  and widens, a t  t i m e s  

7: _---_- 1'7 
reaching t h e  zeni th .  A t  t h a t  t i m e  

IC. UT ' (18h 45m -1gh 15m), i n  s p i t e  of t h e  

f a c t  t h a t  t h e  nor thern  a u r o r a l  boundary 
Figure 4 .  The h e i g h t  of  aurora  (1) 
and t h e  h e i g h t  of t h e  E l a y e r  (2 ) .  (he ight  shown i n  Figure 4 )  is  s t i l l  

V e r t i c a l  l i n e s  denote tge mean square  loca t ed  as previous ly  (about 40" from 
e r r o r .  t h e  zen i th )  , t h e  a u r o r a l  he igh t  and t h e  

he igh t  of t h e  Es l a y e r  change almost i n  

s t e p ,  and t h e i r  d i f f e r e n c e  does not exceed 10  km. Thus i t  can be assumed t h a t  

i n  t h i s  case t h e  he igh t s  of t h e  a u r o r a l  glow regions and t h e  a u r o r a l  i o n i z a t i o n ,  

which forms t h e  E l a y e r ,  do indeed coincide.  
S 


A comparison of t h e  r iome t r i c  absorp t ion  wi th  t h e  d a t a  obtained by a 

v e r t i c a l  sounding ionsopher ic  s t a t i o n  leads t o  t h e  assumption [25, 261 t h a t  i n  

some ins t ances ,  a s u b s t a n t i a l  po r t ion  of t h e  a u r o r a l  absorp t ion  of cosmic 

rad io  emission t akes  p l ace  on t h e  E l a y e r  l e v e l .  The d a t a  t h a t  are a v a i l a b l e  

t o  us l e a d  t o  an  e s t ima te  of t h e  absorp t ion  magnitude of cosmic r a d i o  emission 

Indeed, aurora  w e r e  accompanied by t h e  emergence of a sporadic  E l a y e r  of 

t h e  r type. I n  view of t h i s ,  i t  w a s  poss ib l e  t o  c a l c u l a t e  t h e  maximum e l e c t r o n  

dens i ty  i n  t h e  l a y e r  E s ("ax ) .  The shape of Nmax is  shown i n  F igures  5a and 6a. 

Using t h e  obtained va lue  of N max ' w e  can compute t h e  absorp t ion  i n t e n s i t y  	 113
_L_ 

of cosmic r ad io  emission on a given frequency, us ing  t h e  formula 

suggested i n  [271: 

-
where N i s  t h e  mean dens i ty  of i o n i z a t i o n  i n  t h e  E l a y e r ;  H i s  t h e  h e i g h t  of s 
t h e  homogenous atmosphere; (h  - ho) i s  t h e  l a y e r  th ickness ;  vo i s  t h e  c o l l i s i o n  

13 
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Figure 5. The i o n i z a t i o n  dens i ty  i n  t h e  E
3
l a y e r  (a )  and t h e  magnitude of rheometric 

absorpt ion ( b ) ,  as recorded on 2 March 1965. 

1. Experimental curve; 
2. Calculated curve. 

frequency of e l e c t r o n s  a t  t h e  

level of t h e  lower boundary of t h e  

absorbing l a y e r .  

Thus, i t  i s  assumed t h a t  

t h e  s tepped up i o n i z a t i o n  region 

i s  shaped as a homogenous l a y e r ,  

so  t h a t  t h e  i o n i z a t i o n  dens i ty  

i n  i t  does n o t  depend on t h e  

he ight .  Of course,  the  l a t te r  

assumption does not  r e f l e c t  t h e  

a c t u a l  a l t i t u d i n a l  d i s t r i b u t i o n  

of t h e  i o n i z a t i o n  dens i ty .  None

t h e l e s s ,  t h i s  apparent ly  does n o t  

in t roduce  any s u b s t a n t i v e  e r r o r  

i n t o  t h e  c a l c u l a t e d  absorpt ion 

value inasmuch as t h e  frequency 

of e l e c t r o n  impacts rap id ly  decre

ases wi th  increas ing  he ight .  

Thus, t h e  absorpt ion e s s e n t i a l l y  

takes  p lace  i n  t h e  lower'range of t h e  E 
S 

l a y e r  wbere, judging from the  
-

a l t i t u d i n a l  br ightness  d i s t r i b u t i o n  of t h e  glow [28 ] ,  N = N max . 
5 -1I n  t h e  c a l c u l a t i o n s ,  w e  set f = 32 M c ,  v 0 = 2 x 10 s e c  which 

corresponds t o  t h e  h e i g h t  of t h e  lower aurora  edge h0 - 100 km [29];  t h e  l a y e r  

th ickness  w a s  set a t  20 km. The c a l c u l a t e d  absorpt ion magnitude i s  shown i n  

Figures 5b and 6b. The same diagrams show t h e  a c t u a l  v a r i a t i o n s  of t h e  r i o 

metric absorpt ion a t  a frequency of 32 M c .  It i s  demonstrated i n  Figure 6b 

t h a t  t h e  absorpt ion p a t t e r n s ,  computed on 6 March, coincide q u i t e  w e l l  i n  shape 

and i n  a b s o l u t e  magnitude. Hence, t h e  assumption t h a t  t h e  E l a y e r  i s  t o  some a 

e x t e n t  responsible  f o r  t h e  a u r o r a l  absorpt ions appears t o  be by and l a r g e  

j u s t  i f  i e d  . 
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The graphs i n d i c a t e  t h a t  t h e  experimental  and t h e o r e t i c a l  coincidence 

between the  curves obtained on 2 March is  considerably weaker than the  coinci- & 
dence between t h e  curves obtained on 6 March. According t o  t h e  r epor t  of t h e  

v e r t i c a l  sounding s t a t i o n ,  t h e r e  w a s  a blackout between l g h  OOm and 19
h 40m, and 

hence no da ta  on t h e  i o n i z a t i o n  dens i ty  i n  t h e  E 
S 

l aye r  are a v a i l a b l e  f o r  t h i s  

t i m e .  It w a s  on ly  when the  blackout w a s  b r i e f l y  in t e r rup ted  ( lgh  lom - l g h  

15m) t h a t  i t  w a s  poss ib l e  t o  record E
S 

r e f l e c t i o n s .  I n  these  in s t ances ,  t h e  

computed absorp t ion  w a s  no t iceably  (by a f a c t o r  of t h ree )  smaller than t h e  

a c t u a l  absorpt ion.  Such a d r a s t i c  discrepancy between the  ca l cu la t ed  and t h e  

computed da ta  apparent ly  i s  caused by the  f a c t  t h a t  the  a c t u a l  region of 

increased  i o n i z a t i o n  w a s  below t h a t  which w a s  used as a re ference  i n  t h e  

ca l cu la t ions (h  0 = 90 km). This  assumption i s  supported by t h e  already observed 

decrease of t he  frequency r e l a t i o n  exponent of r i ome t r i c  absorpt ion (cf  . 
Figure 1). For a more d e t a i l e d  examination of t h i s  problem, w e  show i n  

Figure 7 a curve ( s o l i d  l i n e )  of t he  v a r i a t i o n  of t he  e f f e c t i v e  exponent of 

frequency r e l a t i o n s h i p s  during t h e  examined dis turbance.  This  exponent i s  

taken as a mean of t h ree  f requencies  , i . e .  , 9,  13, and 25 Mc. The graph shows 
ht h a t  a t  about 19 , t h e  magnitude of n reaches i t s  minimum, thus i n d i c a t i n g  the  

r e l a t i v e l y  low he igh t  of t h e  absorbing region.  

However, i t  must be kept  i n  mind t h a t  t h e  v a r i a t i o n  of t he  e f f e c t i v e  

exponent of  t h e  r iome t r i c  absorp t ion  frequency r e l a t i o n s h i p  may be caused not  

j u s t  by a he igh t  v a r i a t i o n  of t h e  absorbing l a y e r ,  but a l s o  by i t s  extension 

i n  a ho r i zon ta l  d i r e c t i o n .  Thus', n may decrease when t h e  increased  i o n i z a t i o n  
range does not  completely cover the  d i rec

t i o n a l  diagram of the  r iometer  antenna [30].  
Since r a d i a l a u r o r a s u s u a l l y  occupy a s m a l 

l e r  area of t he  firmament than homogenous 

arcs and d i f f u s e  su r faces ,  i t  i s  e n t i r e l y:: eX 
U I 

E. =  0 20 21 22 23 u- poss ib l e  t h a t  the  decrease of n ,  observed 

during the  f l a r e s  of b r i g h t  auroras ,  is 
Figure 6. Ion iza t ion  dens i ty  i n  the  

assoc ia ted  with t h i s  very e f f e c t .  Thus i tE l a y e r  ( a ) ,  and t h e  r iome t r i c  ab
so rp t ion  ( b ) ,  recorded on 6 March appears t o  be  extremely important t h a t  t h e  
1965. 1-experimental curve; 

decrease of n during t h e  given day w a s  al2-calculated curve. 
ways accompanied by a decrease  of  aurora  he igh t .  
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hActual ly ,  a t  18 50m, aurora  w e r e  noted at a he igh t  of 90 km. A t  l g h  05m a 

secondary decrease of t h e  aurora  he igh t  took p l ace ,  t h e  minimal he ight  being 

86 km (Figure 4 ) .  

Later, a t  l g h  15m the  a u r o r a l  he ight  w a s  no longer  measured. There are, 

however, a d d i t i o n a l  da t a  a v a i l a b l e  on t h e  pene t r a t ion  depth of corpuscular  

streams i n t o  the  E a r t h ' s  atmosphere. Indeed, s i n c e  3p - ID [Ol] is  a forbidden 

t r a n s i t i o n ,  ( t h e  mean l i f e  t i m e  of i t  being only 110 seconds)', i t  follows t h a t  
0 

t he  emission i n t e n s i t y  A = 6300 A must s u b s t a n t i a l l y  decrease  wi th  decreasing 

aurora  he igh t ,  s o  t h a t  t he  r e l a t i v e  i n t e n s i t y  of t h a t  emission might s e rve  

as an i n d i c a t o r  of  t he  au ro ra  he igh t  [61. I n  f i g u r e  7, t he  dot ted  /15 
l i n e  shows t h a t  the  path of I6300"55 7 7 A comparison of t he  curves i n d i c a t e s  

t h a t  t h e  decrease of n takes  p lace  s imultaneously wi th  the  decrease of t h i s  

r a t i o  and consequently wi th  a decrease of t h e  aurora  he ight .  This  l eads  t o  

the  assumption t h a t  a decrease of n i s  e s s e n t i a l l y  caused by a decrease of 

t h e  he ight  of t he  absorbing l a y e r ,  r a t h e r  than by a v a r i a t i o n  of i t s  config

u ra t ion ,  even though t h e  l a t t e r  does poss ib ly  in t roduce  a c e r t a i n  e r r o r  i n t o  

the  absolu te  magnitude of n .  

%\ivnnc. IC\ I\ ;'\\ I 

1 1 1 ' 

\I ' ' I '
\ I  

1 1 
1 1  
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Figure 7. Relat ionship between 
the  exponent of t h e  r iome t r i c  
absorpt ion frequency re l at ion
sh ip  n ( l ) ,  and t h e  r a t i o  of t he  
emission i n t e n s i t i e s  6300 and 
5577 ii (2). 
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These da t a  i n d i c a t e  cons iderable  va r i 

a t i o n s  of t h e  energy spectrum of e l e c t r o n  

streams e n t e r i n g  t h e  ionosphere.  This i s  

appl icable  from case t o  case, as w e l l - as 

during ind iv idua l  d i s turbances .  Thus, t h e  

v a r i a t i o n  of aurora  he ight  from 110 t o  86 
hkm ( lgh  05m - 19 15m on 2 March) i n d i c a t e s  

a change i n  t h e  primary e l e c t r o n  energy by 

a t  least  one o rde r  of magnitude. Accord

ing  t o  [31 - 361, t h e  r a t i o  of t he  aurora  

br ightness  t o  the  r iome t r i c  absorp t ion  in 

t e n s i t y  must change s u b s t a n t i a l l y .  This 

r a t i o  depends on t h e  aurora  shape, and on 

t h e  aurora  type ,  observed during the  r io 

me t r i c  absorpt ion.  The most d e t a i l e d  



c l a s s i f i c a t i o n  of aurora  absorpt ion w a s  proposed by Z .  A. Ansari  [ 3 5 ] .  H e  

grouped the  absorp t ion  peaks,  observed during a u r o r a l  f l a r e s  (both r a d i a l  and 

uniform), i n t o  group II(SA1). The smooth v a r i a t i o n s  of 6A,  which are observed 

a f t e r  midnight and c o r r e l a t e  weakly with the  v a r i a t i o n s  of aurora  b r igh tness ,  

w e r e  grouped i n t o  t h e  IV(SV1A) category. Based on t h e  rate of c o r r e l a t i o n  of 

6 A  and of 61,  Ansari  suggested t h a t  absorp t ions  of t h e  SA1 type are caused 

by the  i n t r u s i o n  of e l e c t r o n  streams with energ ies  of t h e  order  of E -< 20 keV 

i n t o  the  atmosphere, whereas absorpt ions of t he  SVIA type are assoc ia ted  wi th  

the  e l e c t r o n  streams i n  t h e  energy range of E -> 30 keV. 

Figure 8,a shows t h e  absorp t ion  curve of 
A, db 
IO - 0 cosmic r a d i a t i o n  a t  a frequency of 9 Mc; 

Figure 8b, shows the  v a r i a t i o n  of t he  r a t i o  
2

/Af during the  storm of 2 March 1965. 

H e r e ,  I i s  t h e  aurora  glow i n t e n s i t y  ( i n
C 

r e l a t i v e  u n i t s )  according t o  the  d a t a  of t h e  

zen i th  photometer; A i s  t h e  absorp t ion  

i n t e n s i t y  of cosmic r ad io  i n t e r f e r e n c e  a t  

f requencies  of 9 mc ( s o l i d  l i n e )  and 13 mc 

\----- (dashed l i n e ) .  For a more convenient 

18 13 20 21 UT comparison of t he  d a t a  obtained from two 

r iometers ,  t h e  r e spec t ive  absorpt ion mag-

Figure 8. Rheometr icabsorpt ion n i tudes  w e r e  mu l t ip l i ed  by t h e  square of 
(a) and i t s  r e l a t i o n s h i p  t o  t h e  appropr ia te  frequency so  t h a t  t h e  

2 March 1965. r e l a t i v e  shape of both curves i n d i c a t e s  t he  /16 
aurora  i n t e n s i t y  (b) on 

The absorp t ion  i n t e n s i t y  of exponent n of t h e  frequency r e l a t i o n s h i p .  

cosmic r ad io  emission w a s  

measured on t h e  f requencies  

of 9 (1) and 13 mc (2) .  Segments It appears from t h e  graphs t h a t  t he re  

with  Roman numerals I and I1 

i n d i c a t e  t h e  exposure t i m e  of 

t h e  spec t r a .  

are two pronounced maximums i n  t h e  p a t t e r n s  

of Ic/Af2: a t  l g h  48m and a t  l g h  OBm. These 

maximums coinc ide  i n  t i m e  with t h e  r ad ia l -

shaped f l a r e s .  The growth curve of t h i s  r a t i o  can be explained apparent ly  by 

the  s m a l l  absorp t ion  magnitude a t  t h i s  t i m e ,  and by t h e  f a c t  t h a t  i t  w a s  not  

determined with p rec i s ion .  The absorp t ion  peaks, observed s imultaneously with 
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glow i n t e n s i t y  peaks, could be a s soc ia t ed  with t h e  SA1 phase ( o r  t h e  F type,  

according t o  t h e  R. Par thsara thy  and F. T. Berkey c l a s s i f i c a t i o n  [37].) However, 

a d i r e c t  measurement of t h e  a u r o r a l  he ight  (F igure  4) suppor ts  t h e  f a c t  t h a t  

t h e  energy of t h e  in t rud ing  e l e c t r o n s  a t  t h e  given moments of t i m e  amounts t o  30

40 keV, i . e . ,  it is considerably h igher  than t h e  energy l e v e l  suggested by 

Ansari. Moreover, i t  should be d e f i n i t e l y  kept  i n  mind t h a t  t h i s  f i nd ing  

a p p l i e s  only t o  two s p e c i f i c  a u r o r a l  f l a r e s  on 2 March 1965. Thus it cannnot 

be  appl ied  t o  a l l  i n s t ances  of SA1 type absorpt ion,nor  can it  be considered a 

mean o r  c h a r a c t e r i s t i c  value.  I n  s p i t e  of t he  f a c t  t h a t  t h e  mean va lue  of 

exponent n of t he  absorbency frequency r e l a t i o n ,  according t o  t h e  numerous 

observa t ions  of Par thasara thy  and Berky [37 ] , i s  1.5, t h e  i o n i z i n g  corpuscular  

streams during t h e  SA1 phase conta in  a cons iderable  number of high-energy 

e l e c t r o n s .  

Simultaneously,  a r e l a t i v e l y  l a r g e  absorp t ion  peak with a maximum a t  

19h 24m w a s  no t  accompanied by any no t i ceab le  inc rease  of a u r o r a l  b r igh tness  

(F igure  8 ) ,  sugges t ing  t h a t  i t  belongs t o  the  SVIA type.  Nonetheless,  i t  i s  

a t  t h i s  very moment t h a t  the  frequency r e l a t i o n s h i p  of t h e  absorp t ion  i s  c l o s e s t  

t o  a quadra t i c  r e l a t i o n s h i p ,  i . e . ,  t h e  pene t r a t ion  depth and thus  the  energy 

of t h e i n t r u d i n g e l e c t r o n s  are minimal. However, t he  t i m e  of t he  appearance of 

t h i s  absorp t ion  peak ( a t  about l g h  UT, i . e . ,  21h 
LMT) and i t s  s h o r t  l i f e  con

t r i b u t e  t o  some unce r t a in ty  i n  i d e n t i f y i n g  i t  wi th  SVIA type absorpt ion.  

The cons iderable  pene t r a t ion  depth of corpuscular  streams i n t o  the  atom-

sphere  during t h e  f l a r e s  of r a d i a l  aurora  i s  a l s o  confirmed by t h e  p rope r t i e s  

of a u r o r a l  o p t i c a l  spectra .  During the  n igh t  hours of  2 - 3 March, two a u r o r a l m  

s p e c t r a  were obta ined  wi th  two SP-48 spectrographs,  t h e  t o t a l  wavelength range 
0 

being from 4100 t o  6800 A . I n  both cases  t h e  spectrographs w e r e  aimed a t  

aurora  i n  t h e  no r the rn  h a l f  of t h e  firmament. This  f i r s t  spectrum (exposure t i m e  

18h 40m - 19h 50m) w a s  exposed e s s e n t i a l l y  during t h e  prevalence of b r i g h t  

r a d i a l  shapes (phase SAI). While the  photographing of t h i s  spectrum a l s o  con

t inued a f t e r  19h 
08m, t h e  a u r o r a l  i n t e n s i t y  a t  t h a t  t i m e  w a s  r e l a t i v e l y  low, s o  

t h e  aurora  could n o t  no tab ly  d i s t o r t  it. 
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Wave A t  om Mul t ip le t  Spectrum Spectrum 
Leggth o r  o r  I I1 

A molecule band 
- _- - _ _  

4278 1 NG (0.1) 20.2 18 .9  

4368 5 0.2 0 .3  

4417 5 0.3 0.3 

4709 1 NG ( 0 . 2 )  7.1 7 .1  

4861 1 0.3 1 .2  

5200 Nebular 0.2 0.6 

5577 Auroral 100.0 100.0 

5896 N a I  1 0.4 0 .8  

6300 Nebular 7.7 18.9 

6364 Nebular 2.7 5.7 

6482 8 0.2 0.1 

6545 1 PG ( 7 ,  4 )  2.7 1 .3  

6563 1 0.5 2.5 

6624 1 PG ( 6 ,  3 )  4.3 2.2 

6705 1 PG ( 5 ,  2 )  6 .3  3.2 

-

The e n t i r e  second spectrum was taken during d i f fused  and pulsed auroras .  The 

exposure t i m e  of t h e s e  two s p e c t r a  is shown i n  Figure 8 by segments marked I 

and 11. 

Figures 9 a ,  and 9b show t h e  traces, whereas t h e  t a b l e  shows t h e  relative 

i n t e n s i t i e s  of t h e  b a s i c  emissions f o r  both spec t ra .  The s p e c t r a  w e r e  jo ined  
0 

along t h e  5577 A (01) l i n e .  The i n t e n s i t i e s  w e r e  computed i n  areas, r e s t r i c t e d  

by t h e  contours of t h e  l i n e s  p l o t t e d  i n  i n t e n s i t i e s .  In  comparing t h e  s p e c t r a ,  
0 

it should be kept  i n  mind t h a t  t h e  i n t e n s i t y  of t h e  green l i n e  A = 5577 A, which 

i s  set t o  b e  100 i n  both s p e c t r a ,  is smaller i n  t h e  second spectrum, almost by 

a f a c t o r  of 3.5 ,  as compared t o  t h e  f i r s t  one. 
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It appears from t h e  traces and from t h e  t a b l e  t h a t  t h e  a c t i v e  r a d i a n t  

a u r o r a s  have considerably s t rengthened t h e  molecular bands - t h i s  a p p l i e s  t o  

t h e  first p o s i t i v e  system of t h e  N2 molecule, and t o  t h e  0; band. Moreover, 

i n  t h e  second spectrum, t h e  r a t i o s  I6300/'55 77 and '6364/'5577 were l a r g e r  than 

i n  t h e  first spectrum by t h e  f a c t o r  of 2.5. The i n t e n s i t y  of hydrogen emission 

g r e a t l y  increased.  From a c u r r e n t l y  accepted viewpoint,  these  d a t a  i n d i c a t e  

t h a t  t h e  f i r s t  spectrum w a s  exposed during lower auroras  than t h e  second 

spectrum. The increased  he ight  of t h e  glow may a l s o  account f o r  t h e  growth of 
0 

t h e  i n t e n s i t y  of t h e  forbidden l i n e  X = 5200 A i n  t h e  second spectrum,as  com- /18
0 

pared t o  t h e  allowed emissions.  The presence of such emissions as 6482 A N I I  

i n  t h e  f i r s t  spectrum, which i s  assoc ia ted  with low aurora,  is due t o  t h e  g r e a t  

h e i g h t  of r a d i a l  shapes. 

a 

I 
651ED 

I I I 

blW0 5500 5000 4kOO . A" 
Figure 9. Traces of a u r o r a l  s p e c t r a .  

h a - 'Exposure t i m e  18h 40m - 19 50m; 

b - Exposure t i m e  l g h  50m - 2Zh 15m. 
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The Micros t ructure  of Magnet ic D i  sturb ances 

The d i f f e r i n g  micros t ruc ture  of geomagnetic dis turbances observed a t  t h i s  

t i m e  a l s o  suppor ts  t h e  content ion of t h e  d i f f e r i n g  n a t u r e  o f  corpuscular  streams, 

assoc ia ted  wi th  d i f f e r e n t  forms of aurora  and r i o m e t r i c  absorpt ion o f  varying 

types.  During t h e  n i g h t s  of t h e  observat ions,  two t y p i c a l  and most character

ist ics p u l s a t i o n s  w e r e  observed: t h e  f i r s t  is a combination of i r r e g u l a r  

o s c i l l a t i o n s  with a per iod of 40 - 50 sec and near-s inusoidal  o s c i l l a t i o n s  with 

a per iod of about 2 seconds (such a combination can be def ined by t h e  new 

c l a s s i f i c a t i o n  of short-per iod v a r i a t i o n s  as Pi2 - P
C
1); t h e  second type inc ludes  

i r r e g u l a r  o s c i l l a t i o n s  with a 5 t o  12 seconds per iod and is  denoted by t h e  

symbol P i l .  

1, relative u n i t s  The t i m e  of t h e  appearance of 

401 	 short-per iod v a r i a t i o n s  of t h e  in

d ica ted  types during the  2 March 

1965 dis turbance is shown i n  Figure 

1. It appears t h a t  p u l s a t i o n s  o f '  

t h e  f i r s t  type ( i - e . ,  Pi2 + Pcl)  

" O r  I I I I t ,  t . w e r e  observed as a series of sep
20 	 . 21 22 23 0 I ? U T  a r a t e  f l a r e s  l a s t i n g  2 t o  5 minutes. 

Figure 10. I n t e n s i t y  v a r i a t i o n s  of 

t h e  p o l a r  aurora  ( s o l i d  l i n e )  and types  The appearance of short-per iod 


of s h o r t  per iod v a r i a t i o n s .  v a r i a t i o n s  approximately coincides  


Shaded r e c t a n g l e s  represent  type P.2 + with t h e  moments 3 - 7 when t h e  

P 1; t h e  l i g h t  r e c t a n g l e s  are type'Pil. i n t e n s i t y  of t h e  1 PGN2 emission 


increased,  b r i g h t  r a d i a l  a u r o r a l  

shapes appeared, t h e  r i o m e t r i c  absorp t ion  went up d r a s t i c a l l y ,  and t h e  f r e 

quency r e l a t i o n s h i p  of t h i s  absorpt ion deviated from t h e  quadra t ic  r e l a t i o n 

ship.  An except ion w a s  t h e  f l a r e  between 18h 55m and 18h 5gm which d i d ,  

coincide wi th  moment 5 ,  when a l l  of t h e s e  phenomena w e r e  very weakly expressed. 

It i s  t r u e  t h a t  t h e  f l a r e  w a s  also of very low i n t e n s i t y .  Beginning approxi

mately a t  lgh  24m, recordings of t h e  Earth c u r r e n t  f i e l d s  c l e a r l y  show 

p u l s a t i o n s  of t h e  second type Pil ;  t h e  amplitude of t h e s e  p u l s a t i o n s  changes 

p a r a l l e l  t o  t h e  i n t e n s i t y  v a r i a t i o n  of t h e  equiva len t  e lectr ical  c u r r e n t  i n  t h e  

2 1  
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ionosphere.  A t  t h e  same t i m e  (moments 8 - 10 i n  F igure  l), t h e  p o l a r  

a u r o r a l  glow i n t e n s i t y  diminished and t h e  aurora  took on t h e  shape of d i f fused  

sur faces ,  whereas t h e  frequency r e l a t i o n s h i p  of t h e  absorp t ion  became e x a c t l y  

quadra t ic .  

Figure 10 shows t h e  v a r i a t i o n s  of a u r o r a l  glow i n t e n s i t y  and t h e  t i m e  of 

t h e  appearance of s h o r t  per iod v a r i a t i o n s  of t h e  f i r s t  and of t h e  second type 

during t h e  n ight  of 6 - 7 March 1965. The graph shows t h a t ,  as i n  t h e  preced

i n g  n i g h t ,  b u r s t s  of s h o r t  per iod v a r i a t i o n s  of t h e  type P.2 + P c l  w e r e  
1 

observed simultaneously with f l a r e s  of r a d i a l  glows (20h lom - 21h 30m). /19 
Simultaneously, a s m a l l  negat ive bay with very pronounced f i e l d  v a r i a t i o n s  

w a s  recorded i n  t h e  magnetic f i e l d .  This  sugges ts  t h a t  t h e  r i o m e t r i c  absorpt ion,  

accompanying t h e s e  aurora ,  belongs t o  t h e  SA1 type.  However, t h e  pene t ra t ion  

depths  of t h e  corpuscular  streams a t  t h a t  t i m e  w a s  apparent ly  i n s i g n i f i c a n t ,  

s i n c e  t h e  region of increased  i o n i z a t i o n ,  respons ib le  f o r  t h e  absorpt ion of t h e  

rad io  waves, a s  i n d i c a t e d  before,was observed a t  a h e i g h t  of about 100 km. 

A f t e r  a series of micropulsat ions,  t h e  electromagnet ic  f i e l d  of t h e  Earth 

remained q u i e t  approximately u n t i l  Oh 30m on 7 March. A t  t h a t  t i m e ,  t h e  

recordings of Earth c u r r e n t s  showed s h o r t  per iod v a r i a t i o n s  of t h e  P . l  type.
1 


A r e l a t i v e l y  smooth i n c r e a s e  of a u r o r a l  glow w a s  observed simultaneously.  

These auroras  w e r e  shaped as d i f fused  p u l s a t i n g  spots .  The absorp t ion  inten

s i t y  of cosmic rad io  i n t e r f e r e n c e  a l s o  increased;  i t  w a s  accompanied by a 

moderate-sized negat ive  geomagnetic bay. A l l  these  phenomena gradual ly  ceased 
ha t  about 1 30m. 

Thus, from t h e  aforenamed d a t a  i t  appears t h a t  var ious  types  of aurora  

are accompanied by var ious  kinds of s h o r t  per iod v a r i a t i o n s  of t h e  e l e c t r o 

magnetic f i e l d :  r a d i a l  aurora  are accompanied by micropulsat ions of t h e  P.2 + 
1 


P 1 type,  whereas homogenous and d i f fused  aurora are accompanied by micro-
C 

p u l s a t i o n s  of t h e  P . l  type.  This apparent ly  suggests  t h e  e x i s t e n c e  of d i f f e r 
1 


e n t  mechanisms of a c c e l e r a t i o n  o r  discharge of e l e c t r o n s ,  respons ib le  f o r  t h e s e  

auroras ,  i n t o  t h e  ionosphere. 
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Conclusions 

Upon analyzing t h e  p a t t e r n s  of a p o l a r  magneto-ionospheric storm and of t h e  

p o l a r  aurora  observed a t  t h e  same t i m e ,  t h e  fol lowing conclusions can be de

r ived  : 

1. The p o s i t i o n  of t h e  cg of a cur ren t  system i n  space i s  r e l a t e d  t o  t h e  

s t a b l e  (long-1asting)polar aurora  shapes,  .occupying l a r g e  a reas  i n  t h e  sky, 

i .e.,  mostly with hydrogen arcs i n  t h e  evening, and homogenous arcs and d i f f u s e d  

sur faces  a t  n ight .  

2 .  I n  regions of a u r o r a l  glows with hydrogen emission, t h e  protons 

pene t ra te  t h e  atmosphere up t o  t h e  E l a y e r ,  i . e . ,  t h e i r  i n i t i a l  energy is of 
S 

t h e  order  of 100 keV. The i n t e n s i t y  of t h e  proton stream i s  approximately 

two orders  of magnitude s m a l l e r  than t h e  i n t e n s i t y  of t h e  e l e c t r o n  f l u x  t h a t  

generates  b r i g h t  r a d i a l  shapes. 

3. The d i r e c t i o n  of e l e c t r i c a l  c u r r e n t s  i n  t h e  ionosphere, which cause 

geomagnetic bays,  i s  not  determined by s p a t i a l  separa t ion  of t h e  regions of 

hydrogen and e l e c t r o n  a u r o r a l  ,glow 
4 .  Anomalous i o n i z a t i o n ,  respons ib le  f o r  t h e  absorpt ion of r a d i o  waves 

i n  t h e  ionosphere during p o l a r  aurora ,  i s  caused by t h e  same p a r t i c l e s  as p o l a r  

auroras .  A t  aurora  he ights  of 100 km and more, t h e  glow region,  i n  some 

i n s t a n c e s ,  apparent ly  coincides  with a region of increased ion iza t ion .  

5. The energy of e l e c t r o n s  p e n e t r a t i n g  t h e  lower ionosphere may change 

wi th in  wide limits from one i n s t a n c e  t o  another ,  as w e l l  as i n  t h e  case of 

a s e p e r a t e  dis turbance.  The e l e c t r o n  energy causing r a d i a l  shaped auroras  
h m  may be considerable  a s , f o r  example,at 1 9  8 on 2 March 1965 whenauroras w e r e  

observed a t  a h e i g h t  of 85 km. Only e l e c t r o n s  with an energy E = 30 - 40 keV 

can p e n e t r a t e  t o  t h a t  level. 

23 




, 


6 .  Auroras of var ious  shapes (both r a d i a l  and d i f fused)  are caused by 

t h e  i n t r u s i o n  of corpuscular  streams i n t o  t h e  lower ionosphere. These streams 

d i f f e r  from each o t h e r  n o t  only i n  terms of energy, but  a l s o  apparent ly  i n  terms 

of s t r u c t u r e ,  inasmuch- as they are accompanied by the. occurrence of var ious  

types of short-per iod v a r i a t i o n s  of t h e  electromagnet ic  f i e l d  of t h e  Earth.  

This, i n  t u r n ,  suggests  t h a t  t h e r e  are d i f f e r e n t  mechanisms f o r  t h e  formation 

of e l e c t r o n  streams t h a t  cause d i f f e r e n t l y  shaped auroras .  

It should be again emphasized t h a t  t h e s e  conclusions are derived from t h e  

a n a l y s i s  of i s o l a t e d  cases  only,  and cannot be considered s t a t i s t i c a l l y  re

l i a b l e  without a d d i t i o n a l  i n v e s t i g a t i o n .  However, t h e  demonstrated l a w s  are 
-apparent ly  i n h e r e n t  t o  these  types of phenomena, inasmuch as t h e r e  are no /20 

reasons t o  b e l i e v e  t h a t  these  cases are t o  any e x t e n t  except ional .  

I n  conclusion, t h e  au thors  express  t h e i r  apprec ia t ion  t o  t h e  Chief of 

t h e  NIRFI*Laboratory, Y e .  A.Benediktov and t o  t h e  Direc tor  of t h e  I n s t i t u t e  

f o r  making a v a i l a b l e  t h e  d a t a  on t h e  absorpt ion of cosmic rad io  emissions a t  

f requencies  of 9, 13, 25, and 40 mc. W e  would a l s o  l i k e  t o  thank A. B. Korotin 

f o r  t h e  u s e f u l  and s t i m u l a t i n g  d iscuss ions  i n  t h e  course of t h e  prepara t ion  of 

t h i s  s tudy,  t o  labora tory  a s s i s t a n t s  P. Y e .  Borisov, G. Sh. Zakirova, I. V. 
Okunev and T. P. Roldugina f o r  he lp  i n  p a r a l l a c t i c  observat ions and d a t a  

evaluat ion.  

- ~- ~ ._ - -

*Trans la tor ' s  note:  S c i e n t i f i c  Research I n s t i t u t t  of Radiophysics 
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THE POLAR AURORAL BAND DURING MAGNETIC DISTURBANCES 

G .  V. Starkov and Y a .  I. Fel 'dshteyn 

ABSTRACT. According t o  t h e  askafi lms of t h e  C-180 
cameras t h e  p o s i t i o n  of aurorabands has  been determined f o r  
four  t i m e  i n t e r v a l s  centered a t  20, 04,  08, and 16 hours 
of l o c a l  geomagnetic t i m e  depending on t h e  level of 
magnetic a c t i v i t y .  The i n d i c e s  Q ,  Qp and Kp w e r e  used t o  
c h a r a c t e r i z e  magnetic dis turbance.  The authors  obtained 
t h e  va lues  of changes of t h e  aurora  bandwidth a t  t h e s e  
t i m e  i n t e r v a l s  with t h e  magnetic a c t i v i t y  v a r i a t i o n s .  The 
paper p r e s e n t s  t h e  scheme of t h e  aurora  band a t  d i f f e r e n t  
Q-indices and shows t h a t  an evening -morning asymmetry 
i s  observed which i s  expressed i n  t h e  d i f f e r e n t  width of 
t h e  corresponding p a r t s  of t h e  land and i n  t h e  d i f f e r e n t  
d i s tances  of t h e  l a t te r  from t h e  pole .  This asymmetry is 
maintained a t  any level of magnetic a c t i v i t y .  A f l a t t e n i n g  
of t h e  aurora  band is  observed on t h e d a y  s i d e ,  which i s  
most prominent during high magnetic dis turbances.  The 
paper a l s o  i n d i c a t e s  t h a t  the  aurora  band during low 
magnetic a c t i v i t y  can have breaks on t h e  morning and 
evening s i d e s .  The p r o b a b i l i t y  of such breaks i s  re
duced with t h e  i n c r e a s e  of magnetic dis turbance.  With 
Q 2 3 a miform aurora  band can be expected. The presence 
of t h e  breaks is supported by t h e  synopt ic  map of aurora .  

The p o s i t i o n  of t h e  a u r o r a l  o v a l  zone which def ines  t h e i r  instantaneous /22 
d i s t r i b u t i o n  w a s  der ived i n  [l-51 on t h e  b a s i s  of s t a t i s t i c a l  d a t a  eva lua t ion  

regarding t h e  p o l a r  aurora ,  without tak ing  i n t o  account t h e  v a r i a t i o n s  of t h e  

magnetic a c t i v i t y  l e v e l .  I n  [6 ,7] ,  t h e  oval  zone p o s i t i o n  w a s  considered i n  a 

q u i e t  (K = 0.1) and d is turbed  magnetic f i e l d  (K 
P -

> 5 ) .  Reports [8-101 contain 
P 

ex tens ive  information regarding t h e  p o s i t i o n  of t h e  e q u a t o r i a l  boundary of 

l a t i t u d e  reg ions ,  containing aurora,  as a func t ion  of t h e  magnitude of t h e  

p lane tary  a c t i v i t y  index  K
P 
. The l a t i t u d e  region ( a u r o r a l  band) containing 

aurora  during day(10-14) and n ight  hours ,  with respec t  t o  Q,  Q
P 

and K
P Y  

w a s  

d e t a i l e d  i n  [ l l ] .  This r e p o r t  considers  t h e  l o c a t i o n s  of t h e  northern and 

southern boundaries of a u r o r a l  regions i n  f i f t e e n  minute, hourly and three-

hour i n t e r v a l s .  An a n a l y s i s  of t h e  aurora  d i s t r i b u t i o n d u r i n g  day and n i g h t  hours 

made i t  p o s s i b l e  t o  i n v e s t i g a t e  t h e  s p a t i a l  asymmetry of i n t r u d i n g  corpuscular 

streams i n  t h e  p lane  of t h e  noon and midnight meridians.  
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Auroral d i s t r i b u t i o n  w a s  determined f o r  f o u r  t i m e  i n t e r v a l s  centered a t  

20, 4, 8,  and 16h l o c a l  geomagnetic t i m e  (LGT). This made i t  poss ib le  t o  

determine t h e  p o s i t i o n  of t h e  a u r o r a l  band f o r  a l l  hours of t h e  day, and t o  

i n v e s t i g a t e  i ts  asymmetry i n  morning and evening hours.  The presence of such 

asymmetry fol lows from t h e o r e t i c a l  cons idera t ion  [12,13] - namely, t h e  d i f f e r 

ences betewen t h e  d i r e c t i o n s  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d ,  and t h e  

motion of t h e  s o l a r  wind. The nor thern  and southern boundaries of aurora  

bands w e r e  determined from askafi lms of t h e  following s t a t i o n s :  Murmansk 

(Q' = 65.1"), Dixon ( cp' = 68.0"), CapeChelyuskin (Q ' = 71.2"), Vize I s l a n d  

(Q ' = 73.5"), and Piramida (0' = 75.3"). A s  a r u l e ,  t h e  d a t a  f o r  two seasons  

of high s o l a r  a c t i v i t y  (1957 - 1959) w e r e  evaluated.  The p o s i t i o n  of t h e  bound

aries w a s  compared with t h e  Q-index of t h e  magnetic observatory,  l o c a t e d  a t  

l a t i t u d e s  of t h e  F r i t z  Zone a t  t h e  midnight s i d e  of t h e  Earth.  A l l  Q-indexes, 

following t h e  p r a c t i c e  suggested i n  [ l l ] ,  were reduced t o  t h e  Kieruna observatory 

(Q' = 64.5"). For pre-midnight and after-midnight hours ,  t h e  number of readings 

of n boundaries of a u r o r a l  bands f o r  each Q value v a r i e s  between 20 and 350, 

when 2 < Q < 5n > 100. For pre-noon and af ternoon hours,  n i s  contained wi th in  

t h e  range of 10 - 70, f o r  mean va lues  of Q i n  those  hours,  n 2, 50. Auroral  

he ights  f o r  P r e - and after-midnight hours w e r e  set t o  be 120 km, whereas f o r  

pre- and af ternoon hours ,  t h e  est imated h e i g h t  was 140 km. 

The s t a t i o n s  whose askafi lms w e r e  used f o r  t h e  determination of t h e  p o s i t i o n  

of a u r o r a l  boundaries a t  t h e  r e s p e c t i v e  moments of LGT a r e  shown i n  t h e  follow

i n g  t a b l e .  The Q-indexes of magnetic observa tor ies  w e r e  used f o r  comparison 

with a u r o r a l  p o s i t i o n s .  The i n t e r v a l s  of world t i m e  a t  t h e  s e l e c t e d  observ

a t o r i e s  correspond t o  t h e  i n v e s t i g a t e d  i n t e r v a l  of LGT. I 23
A 

The mean square devia t ion  of CI with in  theboundariesamounted t o  1.0 - 1.5" 

l a t i t u d e ,  whereas t h e  mean square e r r o r  of t h e  mean a r i t h m e t i c  t i m e  w a s  less 

than 0 . 1 ~ ~decreasing with i n c r e a s i n g  number of readings.  A t  t h e  same t i m e  
when n > 20, CI p r a c t i c a l l y  d i d  n o t  change. Inasmuch as t h e  mean accuracy of 

t h e  reading is approximately 0.3" l a t i t u d e ,  t h e  constancy of o i n d i c a t e s  t h a t  

t h e  magnetic a c t i v i t y  l e v e l  does n o t  uniquely determine t h e  p o s i t i o n  of t h e  

a u r o r a l  band, s i n c e  an increas ing  number of observat ions would l e a d  t o  a 
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Reykjavik 
Kiruna 

Reykj av ik  
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T i k s i  Bay 

. -
LGT I UT 

- -~ - 

'22 - 2 
2 - 6  1 9  - 23 
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10  - 14  
8 - 12 
7 - 11 

14 - 18 
11 - 15 

18 - 2: 
11 - 15 
12 - 16 
14 - 18 
~- -

decrease of (J up t o  t h e  accuracy l e v e l  of t h e . r e a d i n g .  Apparently, t h e  para  -
meters of t h e  corpuscular  stream which e x c i t e s  t h e  glow change i n  t i m e .  With

out  an appropr ia te  change i n  t h e  e x c i t a t i o n  level of t h e  magnetic f i e l d ,  t h i s  
a t  t i m e s  r e s u l t s  i n  v a r i a t i o n s  of t h e  p o s i t i o n s  of t h e  a u r o r a l  bands amount

i n g  t o  approximately 1 - 2'. Moreover, t h e  e r r o r  i n  t h e  determinat ion of t h e  

indexes,  caused by t h e  d i f f i c u l t i e s  involved i n  t h e  s e l e c t i o n  of a q u i e t  f i e l d  

level,,  a l s o  becomes pronounced. 

It is conceivable t h a t  the  comparison of t h e  p o s i t i o n  of t h e  a u r o r a l  bands 

with t h e  magnetic a c t i v i t y  i n  t h e  s a m e  area w i l l  r e s u l t  i n  a somewhat b e t t e r  
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agreement. However, such a comparison excludes the p o s s i b i l i t y  of p l o t t i n g  a 


p1anetar.y d i s t r i b u t i o n  of aurora  a t  varying magnetic a c t i v i t y  levels. This 


is caused by t h e  presence of v a r i a t i o n s  of magnetic dis turbances i n  t h e  


nor thern  hemisphere i n  t h e  win ter  during t h e  IGY [14] with respec t  t o  l a t i t u d e  


and t i m e .  According t o  [15, 111, t h e  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  of t h e  


Q-indexes of t h e  nor thern  hemisphere s t a t i o n s  vary wi th in  r a t h e r  l a r g e  l i m i t s .  


For example, at  t h e  two magnatic observa tor ies  (Murchison - Yellowknife, r varies
-

from 0.5 t o  0.75; i .e.,  i n  s p i t e  of t h e  reasonably c l o s e  r e l a t i o n s h i p ,  w e  can- /24 
n o t  construe t h i s  as a unique v a r i a t i o n  of d i s turbance  i n t e n s i t y  a t  d i f f e r e n t  

l a t i t u d e s  during t h e  same hours of world t i m e .  Figures  1 and 2 show t h e  

v a r i a t i o n s  of t h e  cor rec ted  geomagnetic l a t i t u d e  of a u r o r a l  band boundaries 

i n  pre-midnight (18 - 22h LGT) and a f t e r  midnight (2 - 6h LGT) hours as a 

func t ion  of Q , Q  ,and K
P 
. The d a t a  on t h e  a u r o r a l  band, using p lane tary

P 
indexes Q and K w e r e  obtained by averaging t e n  t o  twenty boundary values  

P Y  
and hence have a l a r g e  0. 

76 

72 

68 

64 


Figure 1. P o s i t i o n  of southern and nor thern  a u r o r a l  
band houndar ies  i n  pre-midnight hours (20h), as a func t ion  of 
Q ,  Qp a n d KP . 
The broken l i n e  i n d i c a t e s  t h e  c e n t r a l  l i n e  of t h e  a u r o r a l  
band; t h e  circles i n d i c a t e  t h e  computed va lues  of a '  

A comparison wi th  Q
P 

w a s  performed f o r  t h e  1957 - 1958 season only. The 

graphs i n d i c a t e  t h a t  t h e  southern boundaries of t h e  band s h i f t  southward with 

an increas ing  Q-index. As.opposed t o  t h e  v a r i a t i o n  of t h e  p o s i t i o n  of t h e  

southern boundary at  midnight hours  [ll],t h e r e  appears t o  be no s t r o n g  i n c r e a s e  

i n  t h e  s h i f t  a t  l a r g e  Q. On t h e  cont ra ry ,  t h e  s h i f t  v e l o c i t y  decreases  with 

i n c r e a s i n g  magnetic a c t i v i t y .  
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Figure 2 .  P o s i t i o n  of southern and nor thern  a u r o r a l  band 
boundaries a f t e r  midnight hours (4h> depending on Q, Qp 
and K . 

P 
The broken l i n e  i n d i c a t e s  t h e  central l i n e  of t h e  a u r o r a l  band; 
t h e  circles i n d i c a t e  t h e  computed va lues  of 9 ' .  

Figure 3 shows t h e  v a r i a t i o n  of t h e  s h i f t  magnitude of t h e  southern boundary 

with r e l a t i o n  t o  t h e  Q-index f o r  20.0 and 4h . It fol lows from t h e  graph t h a t  

during midnight hours t h e  southern boundary r a p i d l y  s h i f t s  toward t h e  equator  

i n  t h e  beginning, whereby t h e  rate of t h i s  s h i f t  decreases  with an increas ing  

Q: when Q = 3 - 4 ,  it has a c l e a r l y  pronounced minimum, and then i t  again 

r a p i d l y  increases  when Q -> 6 .  A rap id  s h i f t  of t h e  southern boundary of t h e  

a u r o r a l  band toward t h e  equator  during i n t e n s e  magnetic d i s turbances  has 

a l s o  been noted i n  [8]. 

The n a t u r e  of t h e  s h i f t  i n  pre-midnight and after-midnight hours is 

t o t a l l y  d i f f e r e n t .  The boundary s h i f t  rate toward t h e  equator  decreases  mono

t o n i c a l l y  with an i n c r e a s e  of Q; dur ing after-midnight hours,  t h i s  rate de- /25 
creases f a s t e r .  When Q = 6 - 7,  i t  amounts t o  only 0.4". A t  pre-midnight 

hours,  t h e  v e l o c i t y  changes r e l a t i v e l y  l i t t l e  and amounts, on t h e  average, 

t o  1- 0.8", when Q is  increased by one u n i t ;  i .e . ,  t h e  r e l a t i o n s h i p  9 '  = f(Q) 

is c lose  t o  l i n e a r .  The e q u a t o r i a l  boundary during after-midnight hours i s  

sys temat ica l ly  loca ted  more t o  t h e  south than i n  pre-midnight hours.  With t h e  

except ion of per iods of weak magnetic d i s turbance  (Q = 0; l), t h i s  d i f f e r e n c e  

amounts t o  about 2" l a t i t u d e .  The p o s i t i o n  of t h e  e q u a t o r i a l  boundary of t h e  

a u r o r a l  band i n  pre-midnight and after-midnight hours always remains c l o s e r  
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t o  t h e  pole  than  the southern edge of t h e  band a t  n ight  hours,  even though f o r  

both n ight  and af ter-midnight  hours ,  t h e  d i f f e rence ,  a t  c e r t a i n  Q-values, is 

very i n s i g n i f i c a n t .  

Figure 3.  S h i f t  v a r i a t i o n  
of t h e  southern aurora  band 
boundary a t  d i f f e r e n t  Q va lues .  

1 - s h i f t  ra te  f o r  20h; 
2 - s h i f t  ra te  f o r  Oh (from 

d a t a  i n  [ l l ] ) ;  
3 - s h i f t  rate f o r  4h LGT. 

For p r a c t i c a l  purposes, the p o s i t i o n  of 

the nor thern  boundary at 20h and 4h does n o t  

change wi th  vary ing  magnetic a c t i v i t y  levels 

(see Figures  1 and 2 ) .  J u s t  as i n  midnight 

hours  dur ing  pre-midnight hours t h e r e  i s  a 

decrease of Cp' when Q = 1 - 2. T h i s  decrease  

however , is very i n s i g n i f i c a n t  (approximately 

0 . 5 " ) ,  even though the  s a m e  tendency is  

manifested a t  20" a l s o  i n  t h e  comparison 

of t h e  nor thern  boundary with Q,. The s h i f t  
I! 


amplitude of Q' with  a Q varying between 0 

and 7 at  20 and 4h does not  exceed 1"; t h e  

band boundary i s  between 7 3  and 74" northern 

l a t i t u d e .  During af ter-midnight  hours,  t h e  boundary i s  loca ted  usua l ly  somewhat 

c lose r  t o  t h e  pole .  The constancy of t h e  p o s i t i o n  of t h e  circumpolar edge 

of t h e  band i s  r a t h e r  remarkable, because a t  midnight hours ,  when Q v a r i e s  from 

0 t o  8,  t h e  p o s i t i o n  of t h e  nor thern  boundary of aurora  changes r a t h e r  s t rongly .  

The s h i f t  can t ake  p lace  southward with s m a l l  magnetic d i s turbances ,  as w e l l  as 

northward when Q 3. The d i s t ance  between t h e  nor thern  boundary and t h e  po le  

of an e c c e n t r i c  d ipo le  a t  midnight hours when Q 6 i s  g r e a t e r  than a t  20h 

hand at  4 . I n  view of t h e  r e l a t i v e  constancy of  t h e  nor thern  boundary p o s i t i o n ,  

t h e  c e n t r a l  l i n e  of t h e  band (dashed l i n e )  s h i f t s  southward a t  20h and a t  4h , i s  

analogous t o  t h e  s h i f t  of t h e  e q u a t o r i a l  boundary. This  e s s e n t i a l l y  d i f f e r s  

from t h e  s t a b l e  p o s i t i o n  of t h e  c e n t r a l  l i n e  of t h e  band a t  a '  = 67.5 during 

n ight  hours.  

b The n a t u r e  of t h e  v a r i a t i o n  of t h e  p o s i t i o n  of a u r o r a l  boundaries with 

re ference  t o  Q and K i s  t h e  s a m e  as f o r  t he  Q-index. The d i f f e rences  i n  t h e
P P 

p o s i t i o n  of boundaries wi th  re ference  t o  Q and Q
P 

do not  exceed 1"on t h e  



average. For corresponding v a l u e s ,  K @ ’  of t h e  southern boundary are smaller
P 

than  f o r  Q and Q
P’ 

whereas f o r  t h e  nor thern  boundary they are l a r g e r .  This l eads  

t o  a g r e a t e r  -bandwidth taken up by aurora  which is presumably r e l a t e d  t o  

another  t i m e  and amplitude scale of K . Notably, t h e  s c a l e  of t h e  K index of t he  
P 

F r i t z  zone s t a t i o n s  is more approximate than  t h e  scale of t h e  Q index. The 

c e n t r a l  l i n e  of t h e  band s h i f t s  southward with inc reas ing  magnetic a c t i v i t y ,  

r e g a r d l e s s  of t h e  indexes used, during pre-midnight as w e l l  as after-midnight 

hours.  

I n  ind iv idua l  i n s t ances ,  t h e r e  w a s  an absence of au ro ra  with a clear 
m

sky (stars showing on t h e  photographs) during 15 i n t e r v a l s ;  t h e  mean p o s i t i o n  

of t h e  au ro ra  band corresponds t o  t h e  zen i th  of t h e  observa t ion  s t a t i o n .  For 

20 and f o r  qh, such. s t a t i o n s  are Cape Chelyuskin and, t o  some e x t e n t , t h e  

Piramida S ta t ion .  

The absence of aurora  cannot be explained by a d r i f t  of t h e  band from 

the  f i e l d  of view of t h e  camera. The p r o b a b i l i t y  of t h e  disappearance of aurora  

inc reases  wi th  decreas ing  Q. Such in s t ances  w e r e  no t  included i n  t h e  averaging; 

t h e  median c a l c u l a t i o n  of t h e  da ta ,  f o r  p r a c t i c a l  purposes,  does not  a f f e c t  t h e  

p o s i t i o n s  of t h e  boundaries a t  20h and 4h . 

Figures  4 and 5 show t h e  southern and nor thern  boundaries a t  pre-noon 
h h

( 8  ) and af te rnoon (16 ) hours.  The askafi lms of Cape Chelyuskin and V i z e  -I26 

I s l a n d  s t a t i o n s  were processed only f o r  t he  1957 - 1958 season. I n  t h e  

determinat ion of t h e  e q u a t o r i a l  boundary during s t rong  magnetic d i s turbances ,  

. t h e  southern edge of t h e  band at 8 and 16 f r equen t ly  moves beyond t h e  horizon. 

For t h i s  reason, t h e  same number of t h e  l a r g e s t  @’values  w a s  e l iminated;  t h e  

remaining values  were averaged. With l a r g e  Q,  t he  number of i n s t ances  of 

t h e  e q u a t o r i a l  boundary s h i f t  beyond t h e  horizon exceeded one-half of a l l  read

ings .  It w a s  e s t a b l i s h e d  t h a t  t h e  r a t i o  of such s h i f t s  t o  t h e  t o t a l  number 

of measurements i n c r e a s e s  l i n e a r l y  with an inc rease  of Q. Thus , i t  w a s  poss ib l e  

t o  compute t h e  p o s i t i o n  of t h e  e q u a t o r i a l  boundary even i n  those  ins tances  

when t h e  number of s h i f t s  of t h e  boundary beyond t h e  horizon exceeded one-

h a l f  of t h e  t o t a l  number of readings.  I n  view of t h e  s m a l l  quan t i ty  of d a t a  
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Figure 4 .  P o s i t i o n  of southern and nor thern  auror,a 
band boundaries i n  pre-noon hours (sh) a s  a func t ion  of 
Q, Qp and KP * 
The dashed l i n e  i s  t h e  c e n t r a l  l i n e  of t h e  a u r o r a l  band; 
t h e  c i rc les  i n d i c a t e  t h e  computed values  of 0'. 

and aurora s h i f t  beyond t h e  ;southern.  horizon,  i t  i s  n o t  f e a s i b l e  t o  determine 

a '  f o r  l a r g e  K (Figure 4) and Q (Figure 5) .
P P 

I	 , I 

0 h ' 1 ' 6 6  2 4 6 R P  2 4 Kp 

Figure 5. P o s i t i o n  of southern and nor thern  aurora  
band boundaries i n  af ternoon hours (16h ) as a func t ion  of 
Q, Qp and Kp-
The dashed l i n e  i n d i c a t e s  t h e  auroras  band middle; t h e  
c i r c l e s  i n d i c a t e  t h e  computed values  of 0'. 

I n  pre-noon hours (Figure 4 )  , t h e  southern boundary withdraws monotonically 

from t h e  pole;  t h e  v e l o c i t y  of this  s h i f t  increases  somewhat with l a r g e  Q. The 

nor thern  boundary, when 0 1.Q 2 3 . 5  ( f r a c t i o n a l  va lues  of Q are obtained i n  

v i e w  of t h e  reduct ion of t h e  indexes of a l l  observa tor ies  t o  t h e  Kiruna 

Observatory Q index), somewhat approaches t h e  pole  and s h i f t s  southward only 

when Q is l a r g e .  The s a m e  tendency is manifested f o r  QP and Kp. When Q = 0 ,  
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t h e  bandwidth amounts t o  1.2' only. This happens t o  b e  t h e  smallest of a l l  

obtained bandwidth values .  The band center  withdraws from t h e  pole ,  and t h e  

withdrawal rate goes up with t h e  increase  of t h e  magnetic a c t i v i t y  index. 

During af ternoon hours (Figure 5 ) ,  a decrease of 0' is observed f o r  the  northern 

as w e l l  as f o r  t h e  southern boundaries with a n e g l i g i b l e  expansion of t h e  band 

with increas ing  magnetic dis turbance.  The n a t u r e  of t h e  v a r i a t i o n  i n  t h e  band /27 
p o s i t i o n  and bandwidth during these  hours i s  very s imilar  t o  t h e  corresponding 

v a r i a t i o n  a t  noon [ll]. The aforementioned l a w s  are a l s o  v a l i d  f o r  Q . The 
P 

p o s i t i o n  of t h e  nor thern  boundary with r e s p e c t  t o  K as opposed t o  Q and Q
P Y  P' 

changes nonl inear ly .  Conceivably , t h i s  i s  r e l a t e d  t o  t h e  inaccurac ies  i n  t h e  

determination of t h e  boundaries due t o  i n s u f f i c i e n t  da ta .  

Figure 6 shows t h e  v a r i a t i o n  of t h e  rate of 

s h i f t  of t h e  southern boundary f o r  day areas of t h e  

aurora  band with r e l a t i o n  t o  t h e  magnetic d i s t u r 

bance. Curve 1 def ines  t h e  v e l o c i t y  v a r i a t i o n  of t h e  

s h i f t  i n  pre-noon hours ,  Curve 2 a p p l i e s  t o  day 

Figure 6.  Var ia t ion  of hours ,  and Curve 3 a p p l i e s  t o  af ternoon hours ,  


t h e  r a t e  of s h i f t  of t h e  Curve 2 w a s  computed from d a t a  c i t e d  i n  [ l l ] .  

southern aurora  band 

boundary a t  d i f f e r e n t  Q. Figure 6 i n d i c a t e s  t h a t  a smooth i n c r e a s e  of t h e  


d 

1, 2 and 3 are t4e  s h i f t  r a t e  of s h i f t  with increas ing  magnetic dis turbance,  
v e l o c i  ies  f o r  &, 12h, which i s  c l o s e  t o  2" l a t i t u d e  when Q = 6 - 7 ,  takesand 16i5 , respec t ive ly .  

p lace  only during pre-noonhours. For 1 2  and 16h, 

t h e  rate of s h i f t  of t h e  e q u a t o r i a l  boundary toward 

t h e  south,  f o r  p r a c t i c a l  purposes,  does not  change; 

however, during af ternoon hours i t  is always h igher  

than a t  noon. 

Figure 7 shows t h e  v a r i a t i o n  curves of a u r o r a l  bandwidth with r e l a t i o n  

t o  the  magnetic a c t i v i t y  indexes f o r  a l l  four  t i m e  i n t e r v a l s .  A t  20 and qh, t h e  

a u r o r a l  bandwidth (Lo) increases  r a p i d l y  with increas ing  a c t i v i t y  index, ye t  

t h e  process i s  slower than on t h e  n i g h t  s i d e  of t h e  e a r t h .  During after-mid

n ight  hours,  t h e  curves f o r  Q and Q
P 

p r a c t i c a l l y  coincide.  The bandwidth 
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with r e l a t i o n  t o  K i s  sys temat ica l ly  g r e a t e r .  I n  pre-midnight hours ,  t h e
P 

a u r o r a l  bandwidth v a r i e s  from 2 - 3" when Q = 0, t o  approximately 8" when Q = 7. 

I n  after-midnight hours ,  the  v a r i a t i o n  i n t e r v a l  amounts t o  4 - 10". During before-

noon and af ternoon hours ,  t h e  bandwidth i s  considerably smaller and does n o t  

exceed 5" even wi th  Q = 7. The range of v a r i a t i o n s  i s  somewhat g r e a t e r  i n  

pre-noon hours.  A t  16h, t h e  a u r o r a l  bandwidth increases  only by 2". 

On t h e  b a s i s  of t h e  obtained f ind ings  and using t h e  d a t a  c i t e d  i n  [ll], on 

t h e  p o s i t i o n  and dimensions of t h e  band i n  near-midnight and near-midday hours ,  

w e  can p l o t  t h e  instantaneous d i s t r i b u t i o n  of aurora  with r e l a t i o n  t o  t h e  mag

n e t i c  a c t i v i t y  l e v e l .  Figure 8 shows d iagramat ica l ly  t h e  p o s i t i o n  of t h e  band i n  

reduced geomagnetic coordinates  a t  var ious  l e v e l s , o f  magnetic dis turbance i n  

t h e  area of t h e  F r i t z  zone on t h e  n i g h t s i d e  of t h e  Earth. When Q = 0, t h e  

band is  narrowest a t  pre-noon hours.  The e q u a t o r i a l  boundary i s  a t  t h e  g r e a t e s t  

d i s tance  from t h e  pole  a t  midnight hours,  and somewhat more toward t h e  n o r t h  i n  

after-midnight hours.  During pre- and after-midnight hours,  t h e  a u r o r a l  band 

covers a l a r g e r  i n t e r v a l  of l a t i t u d e s  than a t  any o t h e r  t i m e .  The bandwidth 

a t  qh exceeds t h e  corresponding va lue  a t  midnight almost by t h e  f a c t o r  of three: 

The southern boundary during pre-noon hours  i s  c l o s e r  t o  t h e  equator than during 

af ternoon hours.  

When Q = 1, these  c h a r a c t e r i s t i c s  are s t i l l  r e t a i n e d ,  however, due t o  the  

r a p i d  expansion of t h e  band during midnight hours;  t h e  asymmetry of t h e  night-

s i d e  of t h e  Earth begins t o  smoothen out  somewhat. A southward s h i f t  of t h e  

e n t i r e  aurora  band w a s  noted during n i g h t  hours .  The band rap id ly  moves t o  

t h e  equator a l s o  during af ternoon hours ,  y e t  i t  s t i l l  remains considerably 

c l o s e r  t o  t h e  pole  than during pre-noon hours.  

When Q = 2 and 3 ,  t h e  n a t u r e  of t h e  expansion of t h e  aurora  band is  r e t a i n e d .  

On t h e  n i g h t s i d e  of t h e  Ear th ,  t h e  nor thern  boundary begins t o  s h i f t  slowly 

toward t h e  pole ,  and asymmetry on t h e  n i g h t  s i d e  of t h e  Earth continues to 

decrease.  Large v e l o c i t i e s  of t h e  southward s h i f t  of t h e  e q u a t o r i a l  boundary 129-
i n  pre-and af ternoon hours cause t h e  appearance of a f l a t t e n i n g  of t h e  dayside 

of t h e  Earth.  When Q = 4 ,  t h e  bandwidth i n  after-midnight hours i s  s t i l l  
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Figure 7. Auroral band variation as a function of the 
magnetic activity level for four time intervals with 
relation to Q (l), QP (2); and Kp (3). 
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Figure 8. 	 Auroral bands at different Q (in geomagnetic 

coordinates). 
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somewhat g r e a t e r  than i n  midnight hours ,  and reaches approximately 1,000 km. A t  

16h t h e  band is s t i l l  c l o s e r  t o  t h e  pole  than a t  8h . The least  bandwidth w a s  

recorded a t  noon. The circumpolar boundary is c l o s e  t o  a circle whose c e n t e r  is 

somewhat displaced toward t h e  n i g h t  s i d e  of t h e  Earth.  The e q u a t o r i a l  boundary 

of n e a r l y  113 of t h e  band is loca ted  a t  @% 65’. 

With a f u r t h e r  i n c r e a s e  of magnetic a c t i v i . t y ,  t h e  asymmetry on t h e  n i g h t  

s i d e  of t h e  Earth continues t o  decrease.  When Q 2 6 ,  t h e  maximum bandwidth w a s  
observed a t  midnight; when Q = 7,  i t  reaches approximately 1,400 km. 

‘‘evening ; LOmom i n g  -
4 ’evening 4 ‘morning 

3 t  

I 
j ; i 3 i 5 6 ; a  

Figure 9. Rat io  of t h e  a u r o r a l  Figure 10. The d i f f e r e n c e  of 
bandwidth i n  evening (1) and i n  l a t i t u d e s  of the.  middle of 
moming hours ( 2 ) .  aurora  bands f o r  t h e  evening (1) 

and morning (2)  hemispheres. 
1- L” ( I S  -22)”. 2 -L”(14 -18)‘ 

Lo(2 -6)” ’ Lo(6- IO)’ I -[a‘(2 - 6)’ -a‘(18 - 22)h]; 
z -[a’(G - i o p  -a’(14 - i 8 p 1  

The i n t e r v a l  of l a t i t u d e s  occupied by aurora i n  after-midnight hours  is 

g r e a t e r  than t h e  i n t e r v a l  covered by auroras  i n  pre-midnight hours.  The more 

r a p i d  southward s h i f t  of t h e  e q u a t o r i a l  boundaries a t  16 and a t  8h , as compared 

t o  noon hours ,  d i s t o r t s  t h e  day segment of t h e  aurora  band, and causes its 

f l a t t e n i n g .  

A t  low magnetic a c t i v i t y  levels, t h e  b a s i c  asymmetry of t h e  band is  

apparent i n  t h e  l a r g e r  width i n  pre- and after-midnight hours,  as compared t o  

t h e  midnight hours.  This asymmetry disappears  gradual ly  with an increas ing  
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Q-index. There appears,  however, a f l a t t e n i n g  on t h e  days ide  of t h e  Earth,  

which increases  wi th  i n c r e a s i n g  magnetic a c t i v i t y .  Another i n t e r e s t i n g  

f e a t u r e  of aurora  bands is t h e  continuous ga in  of t h e  l a t i t u d e  i n t e r v a l  

covered by aurora  i n  t h e  morning hours ,  as compared with t h e  evening hours. 

The southern boundary of t h e  band i s  c l o s e r  t o  t h e  pole  i n  t h e  evening hours 

than i t  is i n  t h e  morning hours. 

To o b t a i n  some q u a n t i t a t i v e  c h a r a c t e r i s t i c s  of t h e  band asymmetry, 

Figure 9 shows t h e  bandwidth r a t i o  v a r i a t i o n  i n  evening and morning hours.  

The s o l i d  l i n e  i n d i c a t e s  t h e  width r a t i o  Lo of t h e  pre-midnight s e c t o r  t o  t h e  

after-midnight s e c t o r ;  t h e  dashed l i n e  shows t h e  r a t i o  of t h e  af ternoon t o  t h e  

pre-noon s e c t o r .  The graph a l s o  i n d i c a t e s  t h a t  only when Q . =  0 i s  t h e  width of 

Lo a t  16h on t h e  dayside of t h e  Earth g r e a t e r  than a t  18h. 'It i s  of i n t e r e s t  

t h a t  when Q -> 2,  t h i s  r a t i o  f o r  day and n i g h t  hemispheres' i s  p r a c t i c a l l y  equal ;  

i .e . ,  t h e  asymmetry between t h e  morning and evening s i d e s  of t h e  Earth i s  

re ta ined .  When Q varies from 2 t o  7 ,  t h e  width r a t i o  i n c r e a s e s  from 0.6 t o  

0.75; i .e . ,  with increas ing  magnetic a c t i v i t y ,  t h e  asymmetry decreases  some- /30 
what, y e t  remains reasonably high. However, when Q -> 6 ,  an  i n s i g n i f i c a n t  ga in  

i n  asymmetry i s  observed i n  t h e  day hemisphere. 

Figure 10 shows t h e  d i f f e r e n c e  i n  l a t i t u d e s  of t h e  band c e n t e r l i n e s  f o r  

t h e  evening and morning hemispheres. The s o l i d  l i n e  shows t h e  d i f f e r e n c e  

between t h e  reduced geomagnetic l a t i t u d e s  0.f t h e  pre-midnight and a f t e r -

midnight s i d e s  of t h e  Earth;  t h e  dot ted  l i n e  shows t h e  d i f f e r e n c e  between 

t h e  l a t i t u d e s  of a u r o r a l  band c e n t e r l i n e s  i n  af ternoon and pre-noon hours. 

A s  w e  pointed out  before ,  t h e  southern a u r o r a l  band boundary is f u r t h e r  d i s 

placed t o  t h e  equator  i n  morning hours  than i t  is  i n  evening hours.  On t h e  

b a s i s  of t h e  d a t a  i n  Figure 10, i t  s tands  t o  reason t h a t  n o t  only t h e  southern 

boundary, b u t  a l s o  t h e  band i t s e l f  on t h e  morning s i d e ,  is s h i f t e d  f u r t h e r  from 

t h e  pole.  This . s h i f t ,  as opposed t o  t h e  curves shown on Figure 9 ,  i s  n o t  ident

ical  f o r  t h e  n i g h t  and day hemispheres. When Q = 0, t h e  band middles on t h e  n ight  

s i d e  of t h e  Earth are p r a c t i c a l l y  a t  t h e  same d i s t a n c e  from t h e  pole.  On t h e  

day s i d e  of t h e  e a r t h ,  w e  have a t  t h e  same t i m e  a maximum asymmetry, reaching 

almost 3" i n  l a t i t u d e .  With increas ing  magnetic a c t i v i t y ,  t h e  asymmetry 
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decreases  on t h e  day s i d e  of t h e  Ear th ,  going up a t  t h e  same t i m e  on t h e  n i g h t  

s i d e  of t h e  Earth.  Both curves reach the i rex t remumat  Q = 5. With l a r g e r  

d i s turbances ,  t h e  asymmetry changes i n  t h e  oppos i te  d i r e c t i o n .  When Q = 5,  

maximum asymmetry on t h e  n ight  s i d e  and minimum asymmetry on t h e  day s i d e  are 

a t t a i n e d .  When Q = 3 - 4 and Q = 6 ,  t h e  s h i f t  of t h e  p a r t  of t h e  band i n  

morning hours with respec t  t o  t h e  s h i f t  of t h e  band i n  evening hours is approx

imately t h e  s a m e  f o r  t h e  day and t h e  n i g h t  s i d e s  of t h e  Earth.  These d a t a  appear 

t o  i n d i c a t e  t h a t  zonal  asymmetry takes  p l a c e  a t  any level of magnetic a c t i v i t y ;  

however, i t s  n a t u r e ,  fol lowing t h e  v a r i a t i o n s  of Q ,  changes i n  a r a t h e r  complex 

manner. With l a r g e  magnetic d i s turbances ,  t h i s  asymmetry is somewhat smaller 

than with weak dis turbances.  

L e t  us consider  i n  more d e t a i l  t h e  absence of aurora during t h e  15-minute 

i n t e r v a l s  i n  t h e  morning and i n  t h e  evening. These p a r t i c u l a r  i n s t a n c e s  can

not  b e  i n t e r p r e t e d  as a s h i f t  of t h e  aurora  band beyond t h e  f i e l d  of v i e w  on 

t h e  camera. There is a sys temat ic  s h i f t  of t h e  aurora  band with varying 

magnetic a c t i v i t y  f o r  noon and midnight hours.  Thus, with s m a l l  Q-indexes, 

during midnight hours ,  aurora  w e r e  seldom recorded i n  Murmansk, bu t  w e r e  

r e g u l a r l y  observed a t  Cape Chelyuskin; i . e . ,  t h e  aurora  band w a s  always 

r e g u l a r l y  observed by s t a t i o n s  whose @ '  corresponded t o  t h e  mean l a t i t u d e  of 

t h e  aurora  band. 

I n  i s o l a t e d  i n s t a n c e s ,  t h e  appearance and disappearance of aurora  i n  

evening and morning hours takes place very d i f f e r e n t l y .  I n  those  i n s t a n c e s ,  

t h e  aurora  band i s  i n  t h e  z e n i t h  of h igh- la t i tude  s t a t i o n s ,  e .g . ,  Cape Chelyuskin, 


Vize I s l a n d ,  and Piramida. The absence of a s h i f t  with varying magnetic activ


i t y  level is t y p i c a l  f o r  t h e  nor thern  boundary of t h e  band during pre- and a f t e r - 


midnight hours. Hence t h e  disappearance of aurora  during these  hours cannot 


b e  explained by a band s h i f t  from mid-position t o  t h e  south o r  t o  t h e  nor th .  


The f a c t  is, it  does n o t  s h i f t  t o  t h e  south;  t h i s  is e a s i l y  e s t a b l i s h e d  from 


t h e  d a t a  of low-lat i tude s t a t i o n s ,  e.g. ,  Dixon I s l a n d .  The absence of aurora  


on Vize s t a t i o n ,  on t h e  assumption of a northward s h i f t  of t h e  band, is 


p o s s i b l e  only w i t h  an i n t e r m i t t e n t  s h i f t  of t h e  southern boundary up ' to  approx


imately 78O, and of t h e  nor thern  boundary up t o  80'. 
 I n  view of t h e  relative 
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constancy of t h e  no r the rn  boundary p o s i t i o n  a t  t h a t  t i m e ,  t h i s  is  ha rd ly  

poss ib l e .  I f  au ro ras  do reappear  a f t e r  t h e i r  disappearance,  they appear 

d i r e c t l y  a t  t h e  z e n i t h ,  r a t h e r  than  s h i f t i n g  from t h e  hor izon ,  which would 

have been t h e  case i n  t h e  event of a band d r i f t  beyond t h e  horizon. 

I n  o rde r  t o  perform a more d e t a i l e d  and e f f i c i e n t  a n a l y s i s ,  we used the  

askaf i lms  of Vize I s l a n d ,  Cape Chelyuskin, and Piramida s ta t ions ,which  are 

l o c a t e d  a t  geomagnetic l a t i t u d e s  where t h e  aurora  band dur ing  t h e s e  hours is  

near t h e  zen i th .  Figure 11 shows t h e  p r o b a b i l i t y  of t h e  au ro ra  appearance 

wi th  r e l a t i o n  t o  LGT; t h i s  p r o b a b i l i t y  w a s  determined as a r a t i o  of t h e  number /31 
of 15 minute i n t e r v a l s  wi th  aurora  wi th in  each hour, t o  t h e  t o t a l  number of 

observa t ions .  The p r o b a b i l i t y  of aurora  appearance w a s  computed i n  an i n t e g r a t e d  

form f o r  a l l  s t a t i o n s .  The smoothing w a s  performed according t o  t h e  t r apezo ida l  

r u l e .  

I n  t h e  evening hours,  when Q = 0,. i t  w a s  impossible  t o  determine P due t o  

l a c k  of a s u f f i c i e n t  amount of data .  The p r o b a b i l i t y  of t h e  appearance of 

au ro ra  s t r o n g l y  i n c r e a s e s  wi th  inc reas ing  Q ,  and when Q > 3 aurora  p r a c t i c a l l y  

always appear a t  t h e s e  l a t i t u d e s .  For 15 Q 5 3, t h e  minimal va lues  of P 

depend l i n e a r l y  on Q. Hence, approximating t h i s  l i n e a r  r e l a t i o n s h i p ,  it is 

p o s s i b l e  t o  determine t h e  minimum value  of P when Q = 0, which w a s  65%. When 

Q = 1, w e  found t h a t  Pmin i s  77%, and corresponds t o  18 - 19h . With inc reas ing  

Q, t h e  moment of minimum values  of the ,  p r o b a b i l i t y  of appearance of bands 

s h i f t s  somewhat i n  t h e  d i r e c t i o n  of la ter  hours,  bu t  i t  w a s  impossible t o  

determine a c l e a r l y  def ined  p a t t e r n  f o r  t h i s  phenomenon. 

I n  t h e  morning hemisphere, the p r o b a b i l i t y  of t h e  appearance of aurora  

a t  s m a l l  Q is cons iderably  less. It goes down t o  30%when Q = Oo; however, P 

grows j u s t  as f a s t  w i th  inc reas ing  magnetic a c t i v i t y .  When Q = 0, the  minimum 

va lue  of P is recorded between 8 and 9 '. With i n c r e a s i n g  Q,  t he  p r o b a b i l i t y  

of occurrence minimum i s  c l e a r l y  s h i f t e d  t o  earlier hours.  When Q -> 4, no 

breaks of au ro ra  bands w e r e  observed. 
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Figure 11. The p r o b a b i l i t y  of 
aurora  appearance a t  Piramida, 
Vize I s l a n d  and Cape Chelyuskin 
s t a t i o n s  a t  evening and morning 
hours during s m a l l  magnetic 
dis turbances.  

Notably, aurora  occurr ing  

It may b e  concluded t h a t  t h e  aurora  band 

at  a low level of magnetic a c t i v i t y  is not  

always a continuous whole phenomenon. W e  

can conceivably assert t h a t  t h e  band always 

e x i s t s  a t  day and n i g h t  s i d e  , s h i f t i n g  i n  

l a t i t u d e  wi th  varying magnetic a c t i v i t y .  

Nonetheless, i n  t h e  morning, pre-noon and 

evening s i d e s  of t h e  Earth t h e r e  can b e  

breaks,  even though when Q = 0,  t h e  e x i s t e n c e  

of aurora  i n  t h e  form of a s i n g l e  band is 

poss ib le .  The minimal p r o b a b i l i t y  of its 

appearance i s  approximately 30%. When Q = 0 

t h e  aurora  band on t h e  n i g h t  s i d e  of t h e  

Ear th  continues from 18 t o  7h . Moreover, 

aurora  are observed during near-midnight 

hours.  The most probable break occurs 

between 8 and gh, and a t  18h LGT. 

a t  n i g h t  and day hours are e s s e n t i a l l y  d i f f e r e n t .  

For t h e  n i g h t  hemisphere, w e  can e s t a b l i s h  a c e r t s i n  d i u r n a l  p a t t e r n .  During 

t h e  evening hours and toward midnight, uniform a r c s  are replaced by r a d i a l  

shapes; toward t h e  morning, w e  see s p o t s  and p u l s a t i n g  sur faces .  This p a t t e r n  

may be somewhat modified, depending on t h e  appearance of p o l a r  magnetic d i s 

turbances of varying i n t e n s i t y ;  however, i t s  b a s i c  c h a r a c t e r i s t i c s  are r e t a i n e d  

[16, 61. During day hours ,  t h e  p r i n c i p a l  type of aurora  i n  t h e  band are 

r a d i a l  arcs of weak i n t e n s i t y  ; they disappear  and reappear without any 

s i g n i f i c a n t l y  sys temat ic  movements. Their  i n t e n s i t y  i n c r e a s e s  with i n c r e a s i n g  

magnetic dis turbances;  t h e  glow band somewhat widens, simultaneously s h i f t i n g  

toward t h e  equator .  

Day and n i g h t  s e c t o r s  of a u r o r a l  bands can c l o s e  i n t o  a uniform band with 

adequately l a r g e  p r o b a b i l i t y  on t h e  evening and on t h e  morning s i d e s ,  o r  /32 
even on only one of t h e s e  s i d e s ,  provided t h a t  t h e  magnetic f i e l d  is q u i e t .  

The p r o b a b i l i t y  of c l o s u r e  on t h e  evening s i d e ,  i n c i d e n t a l l y  , is  considerably 
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higher .  With an increas ing  Q index, t h e  region of t h e  most probable  breaks i s  

somewhat s h i f t e d  toward midnight hours with a s t r o n g  decrease i n  t h e  break 

p r o b a b i l i t y ;  when Q -> 3,  w e  can speak about a uniform aurora  band. 

Band breaks appear at  c e r t a i n  moments a l s o  on synopt ic  c h a r t s ,  which 

show t h e  instantaneous d i s t r i b u t i o n  of p o l a r  aurora .  Figure 12 shows such 

Figure 12.  A synopt ic  c h a r t  of aurora  p l o t t e d  at  
10h 50m UT on 13 December 1957. 

h a c h a r t ,  p l o t t e d  a t  10 50m UT on 13 December 1957. The f i e l d  of view of t h e  

cameras f o r  t h e  e n t i r e  sky i s  del imited on t h e  char t  by a c i r c l e ,  corresponding 

t o  a zeni th  d i s t a n c e  of 85" f o r  35 mm cameras, and of 80" f o r  1 6  mm cameras. 

The he ight  of t h e  lower aurora  boundary i s  assumed t o  b e  105 km. The d i r e c t i o n  

toward .the Sun is  denoted by a c i r c l e  with a dot i n  t h e  middle. Pos i t ion  and 

shape of aurora  are p l o t t e d  according t o  t h e  legend adoped by t h e  I n t e r n a t i o n a l  

I n s t r u c t i o n s  f o r  Aurora Observations during t h e  IQSY. It fol lows from Figure 1 2  
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that the auroral band has a break i n  afternoon hours (at the Piramida stat ion,  

with stars  photgraphed differently,  there are no aurora. , even though the band 

should have passed through the camera's f i e l d  of view).  
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U-LIKE POLAR AURORAL SHAPES 

S. A. Zaytseva 

ABSTRACT. The paper d iscusses  t h e  p e c u l i a r i t i e s  of 
excitation and development of U-like aurora  bands and t h e i r  
connection wi th  t h e  level of magnetic a c t i v i t y  and config
u r a t i o n  of cur ren t  systems i n  t h e  lower ionosphere.  

The uniqueness. of t h e  U-shaped auroras ,  t h e  p a t t e r n s  which have been deter

mined i n  t h e i r  development and motion has  a t t r a c t e d  t h e  a t t e n t i o n  of a number of 

i n v e s t i g a t o r s  [l - 5 I .  I n  t h i s  r e p o r t ,  w e  are at tempting t o  explore  and expla in  

c e r t a i n  s p e c i f i c  c h a r a c t e r i s t i c s  of t h i s  type of shape. I n i t i a l  d a t a  included 

photographs of t h e  e n t i r e  sky, taken by a C-180 camera a t  t h e  following s t a t i o n s :  

Murmansk (@ = 65.0' N,  A = 126.8') i n  1958 - 1960; Dixon I s l a n d  (@ = 62.8O N, 
A = 165.5') i n  1958; T i k s i  Bay (@ = 60.5' N ,  A = 191.4O) i n  1958 - 1959; Cape 

Chelyuskin (@ = 66.1' N,  A = 176.5O) i n  1958 - 1959; d a t a  of t h e  appropr ia te  

magnetic observa tor ies  w e r e  a l s o  included 

Figure 1. 	 The development of a U-like shape, recorded i n  
Murmansk on 31 March 1958. 

Figure 1 shows photographs obtained by a C-180 camera i n  Murmansk on 
h31 March 1958 at  t h e  fol lowing moments: 19 45mr lgh-- 48m, 1gh-4gm, l g h  51m 

and l g h  56m UT. These photographs q u i t e  adequately i l l u s t r a t e  t h e  development 
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of a U-like shape. As a r u l e ,  i t  appears during evening hours a t  t h e  nor thern  

horizon. Its appearance usua l ly  i s  preceded by a r a t h e r  narrow arc; the  

eastern end of t h e  a r c  gradual ly  d e f l e c t s  t o  the  no r th ,  forming a loop which 

i s  open i n  a westward d i r e c t i o n .  U-like shapes are uns t ab le  and d i s i n t e g r a t e  

reasonably f a s t .  For t h i s  reason,  photographs taken by a C-180 camera do no t  

necessa r i ly  r e f l e c t  a l l  moments of t h e i r  development. I n  some ins t ances ,  t h e  ends 

of t h e  loop c lose ,  forming g i an t  luminescent ova ls  which sometimes are 

deformed (Figure 2) .  

I n  most i n s t ances ,  t he  loop is formed on t h e  e a s t e r n  edge. This  occurred 

i n  50 ins tances  of t h e  t o t a l  of 55 t h a t  w e r e  examined, and only i n  f i v e  cases 

w e r e  bands observed with a loop t h a t  w a s  on t h e  western end and w a s  open 

toward t h e  eas t .  Apparently, t h e  l a t te r  are more uns tab le .  Below, w e  w i l l  /35 
examine bands with a loop a t  t h e  e a s t e r n  end and open toward t h e  w e s t .  

Concerning t h e  s t r u c t u r e  of U-like shapes,  w e  f i n d  among them wi th  equal  

frequency uniform and r a d i a l  shapes (35 uniform bands out  of a t o t a l  of 55; 

t h e  rest w e r e  r a d i a l ) .  It should be kept  i n  mind t h a t  i n  some ins t ances  t h e  

phenomenon of an obl ique superimposi t ion may occur,  r e s u l t i n g  i n  t h e  forma

t i o n  of a pseudo-loop i n  a band photographed by a C-180 camera. E s s e n t i a l l y ,  

t h i s  a p p l i e s  t o  bands with a r a d i a l  s t r u c t u r e .  

Of i n t e r e s t  i s  t h e  l a r g e  d r i f t  v e l o c i t y ' o f  U-like shapes i n  the  wes ter ly  

d i r e c t i o n .  The he igh t  of such a band w a s  determined by a parallactic recording 

a t  the  s t a t i o n s  Murmansk-Loparskaya ( @  = 63.7', A = 126.6") on 2 March 1965. 

Its d r i f t  rate toward t h e  w e s t  w a s  es t imated.  It turned out  t o  be 970 m/sec, 

which agrees  wi th  t h e  f ind ings  repor ted  i n  [ 4 ,  61. T. N. Davis [4] c i t e s  

similar va lues  f o r  t he  d r i f t  rate of bands i n  the  e a s t e r l y  d i r e c t i o n ,  apparent ly  

inc luding  t h e  l a t t e r  i n  t h e  category of bands with a loop a t  t h e  wes ter ly  end. 

Comparing t h e  t i m e  of occurrence f o r  U-like shapes with magnetic d a t a ,  

another  c h a r a c t e r i s t i c  of t h e s e  shapes w a s  discovered. It appears t h a t  they 

occur near  t h e  t i m e  of zero  t r a n s i t i o n  i n  t h e  H-component of t h e  S,,-variation 

of t h e  Ea r th ' s  magnetic f i e l d .  Figure 3 shows t h e  r e l a t i o n s h i p  between t h e  
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moments of t h e  appearance of U-like 

shapes and t h e  zero  t r a n s i t i o n  t i m e  i n  

t h e  H-component. To p l o t  t h e  graph, t h e  

d a t a  of Murmansk, Dixon, and T i k s i  Bay 

s t a t i o n s  w e r e  used. I n  s p i t e  of t h e  

poin t  s c a t t e r i n g ,  i t  is obvious t h a t  

they are grouped near  a coincidence 

l i n e .  This is a l s o  supported by the f ind

ings of Davis [ 4 ] ,  who noted ' the  appearance 

of a loop-like shape a t  College about 
h23h - 23 30m LT (which is approximately 

t h e  t i m e  of zero po in t  i n  College).  

Figure 2.  Aurora band i n  t h e  form of I n s o f a r  as t h e  zero t r a n s i t i o n  
a ;lo ed oval ,  taken a t  Cape Chelyuskin 

a t  13R 3m UT on 18 January 1959. t i m e  at  any s t a t i o n  is concerned, i t  i s  


not  s t r i c t l y  f i x e d ,  bu t  v a r i e s  w i th in  

s e v e r a l  hours. Along wi th  i t ,  t h e  t i m e  

of appearance of U-like shapes a l s o  v a r i e s .  However, i t  should be  noted t h a t  

f o r  e a r l y  zero p o i n t s ,  t h e  band more f r equen t ly  precedes t h e  beginning of t h e  

zero  t r a n s i t i o n ,  whereas f o r  l a t e  zero  po in t s  it usua l ly  l a g s .  Inasmuch as 

t h e  beginning of t h e  zero  t r a n s i t i o n  t o  some measure i s  defined by t h e  d is turbance  

i n t e n s i t y  [7], w e  examined t h e  r e l a t i o n s h i p  between t h e  t i m e  i n t e r v a l  A t  (which 

equals t h e  d i f f e r e n c e  between t h e  t i m e  of appearance of a U-like shape and 

t h e  tim'e of zero p o i n t ) ,  and t h e  three-hour va lue  of t h e  K
P

-index. The r e s u l t s  

are shown i n  Figure 4. Each po in t  w a s  obtained by averaging t h e  d a t a  f o r  

s e v e r a l  days (from 4 t o  10 ) .  The scatter turned  ou t  t o  be  q u i t e  s u b s t a n t i a l ;  

however, i t  does not a f f e c t  t h e  n a t u r e  of t h e  r e l a t i o n s h i p .  W e  can assert with /36 
reasonable c e r t a i n t y  t h a t  wi th  s m a l l  K

P 
indexes,  U-like shapes appear la ter  than  

t h e  zero  t r a n s i t i o n  (on t h e  average, 50 minutes l a t e r ,  when K
P 

= 2) .  With 

l a r g e  K va lues ,  t h e  U-like shape obviously precedes t h e  appearance of t h e
P 

zero  poin t  (approximate ly  one hour earlier when K
P 

= 4 ) .  

To some e x t e n t ,  t hese  f ind ings  c o n t r a d i c t  t h e  formation mechaiism of U
l i k e  auroras ,  suggested i n  [ 4 ,  81. According t o  t h e  l a t t e r ,  U-like forms wi th  
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-- 

a loop on t h e  e a s t e r n  o r  western end are as soc ia t ed  with t h e  evening o r  

morning vor tex  of t h e  SD v a r i a t i o n ,  r e spec t ive ly .  Thus, t h e  t i m e  of appearance 

of such bands, i n s o f a r  as t h e  zonal  s t a t i o n s  are concerned, must be con t ro l l ed  

b y a n S D  cur ren t  system. However, during weakly exc i t ed  days, t h e  SD- system 

between 2 1  and 9h has  a mer id iana l  o r i e n t a t i o n ,  whereas U-like shapes wi th  

a loop a t  the  e a s t e r n  end appear during such days a t  about 23h LT. Hence, it 

is unl ike ly  t h a t  a band, a s soc ia t ed  with an e a s t e r l y  d i r e c t e d  cu r ren t ,  according 

t o  [4, 81, can be observed a f t e r  t he  d i r e c t i o n  of t h e  zonal cu r ren t  changed 

from east t o  w e s t .  Fur ther ,  it is un l ike ly  t h a t  aurora  , as suggested by 

Davis [4],dup l i ca t e  exac t ly  t h e  shape of t h e  cu r ren t s .  Moreover, i n s t ances  

w e r e  pointed out [ 9 ,  101 where cu r ren t s  and aurora  did not co inc ide  s p a t i a l l y .  

Kern [8] assumes the  presence of a 

p o s i t i v e  grad ien t  of t he  magnetic"r: f i e l d  i n  the  d i r e c t i o n  of t he  mid-W 
night  meridian.  This ,  according t o  

K e r n ,  accounts f o r  t h e  charge separ-

I7 - a t i o n  which, i n  tu rn ,  causes the  

emergence of cu r ren t s  and U-like 

03 
0-

0 

-. .11 i 4 " " '  17 20 23 Ulaurora 

Figure 3. Rela t ionship  between t h e  

t i m e  of appearance of a U-like shape, 

and t h e  zero  t r a n s i t i o n  t i m e  of t h e  

H-component of t h e  magnetic f i e l d .  t

The cirkles denote uniform bands; , 1 

crosses  i n d i c a t e  r a d i a l  shapes.  The -50 50 

s t r a i g h t  l i n e  shows t h e  exac t  coin- At, minutes 

cidence between t h e  formation of a 

U-like shape and t h e  occurrence of a Figure 4. Relat ionship 

zero  t r a n s i t i o n .  between A t  ( A t  = t

CmP
)

and t h e  K ' index. 
P 
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shapes. This argument is not  very convincing. Based on our f ind ings ,  a some- /37 
what d i f f e r e n t  explana t ion  of t h e  formation of U-like shapes is  suggested. 

A system of Sp
4 

c u r r e n t s ,  as suggested i n  [ l l ] ,  is shown i n  Figure 5, 

The formation of such a cu r ren t  system, as poin ted  out by Nagata [ll],can be 

explained by convect ive vor texes ,  as suggested by Axford and Hines [12]; a 
diagram of such vor texes  i s  shown i n  Figure 6. Axford and Hines expla in  t h e  

v o r t e x  formation i n  t h e  magnetosphere by a v iscous  i n t e r a c t i o n  between t h e  

s o l a r  corpuscular  stream and su r face  l a y e r s  of gases i n  t h e  magnetosphere. 

However, they po in t  ou t  t h a t  t h e  n a t u r e  of t h e  process would ha rd ly  change i f  

some o the r  i n t e r a c t i o n  mechanism between t h e  corpuscular  stream and t h e  plasma 

captured by t h e  geomagnetic f i e l d  w e r e  assumed t o  exist. Thus, conceivably 

t h e  Levi-Danj i mechanism could be applicab le. 

Figure 5 .  The system of SP 
c u r r e n t s  [ll]. 9 

Figure 5 shows t h a t  between 23 
and 11h , t h e  SP-system has a mer id iana l

4 
o r i e n t a t i o n  near  t h e  poles .  This 

indicates that the zero point time Figure 6 .  Diagram of plasma inmotion 
of t h e  Sp- system approximately t h e  magnetosphere.

4 
coinc ides  with t h e  appearance of U-like 

shapes a t  s m a l l  $-indexes. This 
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l eads  us t o  t h e  assumption t h a t  t he  appearance of U-like shapes,  no r th  of t h e  

a u r o r a l  zone, during days wi th  a s m a l l  (but  no t  zero) magnetic a c t i v i t y ,  is 

not  necessa r i ly  a s soc ia t ed  with t h e  SD cur ren t  system, but  r a t h e r  wi th  t h e  

SP system. This expla ins  t h e  l a g  of t h e  U-like shape with respec t  t o  t h e
4 

moment of zero  t r a n s i t i o n  6H a t  zonal  s t a t i o n s .  The vortexes at  the  morning 

and evening s i d e  of t h e  e a r t h  can be e s s e n t i a l l y  c red i t ed  with t h e  formation 

of a u r o r a l  shapes with a loop a t  the  e a s t e r n  and western ends. Due t o  t h e  

r o t a t i o n  of t h e  Earth,  t h e  vor tex  on t h e  morning s i d e  is less s t a b l e  [12]. 

Apparently t h i s  accounts f o r  the  i n s t a b i l i t y  of t h e  U-like bands wi th  a loop 

on t h e  western end. 

With l a r g e  K
P Y  

t h e  SD cur ren t s  a f f e c t  t h e  t i m e  of appearance of U-like 

bands. The excessive p o s i t i v e  charge,  formed on the  n igh t  s i d e ,  is t rans

mi t ted  i n t o  the  magnetosphere [13] along t h e  f o r c e  l i n e s .  A s  a consequence, 

an a d d i t i o n a l  vor tex  (clockwise,  viewing t h e  North Pole  from the  top) appears.  

This vor tex ,  combined with t h e  Axford-Hines evening vor tex ,  l eads  t o  a /38 
deformation of t h e  l a t te r  and s h i f t s  toward earlier hours causing t h e  

appearance of a U-like shape p r i o r  t o  reaching zero poin t .  

In so fa r  as bands wi th  a loop a t  the western end are concerned, t he  p o s i t i v e  

charge,  formed a t  t h e  evening s i d e  of t h e  e a r t h ,  d i sp l aces  them from midnight 

toward the  morning. Since t h e  SD-system, with inc reas ing  a c t i v i t y ,  becomes 

r eo r i en ted  i n  such manner t h a t  i t s  zero poin t  is s h i f t e d  toward earlier 

evening hours ,  i t  is e n t i r e l y  conceivable t h a t  increas ing  a c t i v i t y  has  no 

e f f e c t  upon t h e  t i m e  of emergence of t hese  bands. Nonetheless,  i t  is  not  

f e a s i b l e  t o  de r ive  any more s p e c i f i c  i a w s  from these  random da ta ,  s i n c e  not  

enough bands w e r e  observed. 

The fol lowing conclusions can be  der ived regarding t h e  U-like shape with 

a loop at  t h e  e a s t e r n  end: 

1. The appearance of a U-like shape is s t a t i s t i c a l l y  r e l a t e d  t o  t h e  zero 

t r a n s i t i o n  moment of t h e  H-componentof t h e  SD-va r i a t ion  of t h e  geo

magnetic f i e l d .  
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2. I n  s p i t e  of t h e  t i m e  r e l a t i o n s h i p  between t h e  U-like shape and t h e  SD

cur ren t  system, t h e  assumption t h a t  SD cur ren t s  flow along t h e  U-like shape 

[4, 83, i s  erroneous.  With s m a l l  K
P 

indexes,  t h e  appearance of a U-like 

shape is con t ro l l ed  by a Sp -system of cu r ren t s .
4 


3. The emergence of t h e  U-like formation a t  earlier pre-midnight hours ,  

when K
P 

is l a r g e ,  can apparent ly  be explained by t h e  formation of magnetospheric 

convection vor texes ,  which are e s s e n t i a l l y  respons ib le  f o r  t h e  SP-system.
4 

Presumably, t h e  deformation is  caused by t h e  p o s i t i v e  charge formed in t h e  

ionosphere on t h e  n igh t  s i d e  of th.e e a r t h .  This charge is t r ansmi t t ed  i n t o  

t h e  magnetosphere along t h e  f o r c e  l i n e s .  

I n  conclusion, t h e  author  is deeply g r a t e f u l  t o  M. I. Pudovkin f o r  he lp  i n  

t h e  i n t e r p r e t a t i o n  of t h e  d a t a  obtained.  
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THE EFFECT OF MAGNETIC ACTIVITY UPON AURORAL HEIGHTS 

G. V. Starkov 

ABSTRACT. The paper ana lyses  t h e  r e s u l t s  which i n d i c a t e  
t h a t  t h e  h e i g h t s  of aurora  diminish wi th  t h e  inc rease  of mag
n e t i c  a c t i v i t y .  The inc rease  of t h e  vertical  s t r e t c h  with t h e ,  
decrease  of magnetic a c t i v i t y  is observed f o r  ray  forms. The 
dependence is obtained between t h e  energy of e l e c t r o n s ,  corres
ponding t o  t h e  average va lue  of he igh t  of t h e  lower edge of 
aurora ,  on the  magnitude of t h e  K

P
-index. 

Auroral he igh t s  are a very important c h a r a c t e r i s t i c ,  s i n c e  they lead  t o  an /39 
estimate both of t h e  energy ot p a r t i c l e s  t h a t  cause atmospheric glow and a l s o  of 

t h e i r  energy spectrum. I n  view of t h i s ,  i t  w a s  deemed of i n t e r e s t  t o  consider 

t h e  e f f e c t  of magnetic a c t i v i t y  upon p o l a r  a u r o r a l  he igh t s .  To e s t a b l i s h  t h i s  

comparison, we used he igh t  d a t a  obtained by C. Stb'rmer i n  nor thern  Scandinavia 

[ l ] ,  and by V. R. F u l l e r  at  College [2] .  The K
P

-index w a s  taken as a charac te r 

i s t i c  of the magnetic a c t i v i t y .  

I n  College (0' = 65'), t h e  lower edge' of l i n e a r l y  extended shapes w a s  

measured. The observa t ions  w e r e  performed f o r  two days i n  January,  and f o r  

s i x  days i n  March-April 1932. A l l  measurements w e r e  conducted between 9 and 

12h UT. The K -index va r i ed  from 2 t o  5. A t o t a l  of 436 arcs and bands
P 

w e r e  analyzed. The he igh t  measurement d a t a  obtained be fo re  1932 w e r e  no t  

used, i n  view of t h e  absence of d a t a  on t h e  K -index. Stb'rmer 's  measurements,
P 

conducted i n  nor thern  Scandinavia (0' % 65.5"), cover March,1933. The 

a n a l y s i s  d id  n o t  i nc lude  aurora  t h a t  w e r e  i l l umina ted  by t h e  Sun. E s s e n t i a l l y ,  

t h e  measurements r e f e r r e d  t o  c h a r a c t e r i s t i c  po in t s  of r a d i a l  formations. A 

t o t a l  of 5 1  he ight  va lues  of uniform arcs and bands w e r e  ava i l ab le .  The d a t a  

used r e f e r  t o  seven days of observa t ions ,  conducttd between 21 and 3h UT. A 

comparison wi th  K
P 

w a s  p o s s i b l e  only f o r  one day f o r  less than s i x  hours. 
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Figure  1. The r e l a t i o n s h i p  between 
t h e  h e i g h t  of t h e  lower edge of 
homogeneous p o l a r  aurora  forms, 

-index. The l i g h t  circles 
and the \o r  College; t h e  dark 
circles are d a t a  f o r  t h e  nor th  of 
Scandinavia.  
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Figure 2.  Relat ionship between 
t h e  h e i g h t  of t h e  lower and upper 
edges of r a d i a l  p o l a r  aurora ,  and 
t h e  Kp-index. 

F igure  1shows t h e  measurement d a t a  of homogeneous a u r o r a l  shapes with 

r e l a t i o n  t o  t h e  magetic a c t i v i t y .  The measurements w e r e  performed f o r  College 

and f o r  Northern Scandanavia. The h e i g h t s ,  p l o t t e d  on t h e  graph, r e p r e s e n t  t h e  /40 
a r i t h m e t i c  mean of a l l  va lues  corresponding t o  t h e  given K

P 
. The s t r a i g h t  

l i n e s  w e r e  computed us ing  t h e  least square  method. The d a t a  c i t e d  i n  [2]  

are less r e l i a b l e ,  s i n c e  overestimated he ight  va lues ,  up t o  300 km, w e r e  obtained 

f o r  t h e  arcs. This c o n t r a d i c t s  numerous f ind ings  by C. Stsrmer [ 3 ] ,  as w e l l  

as some r e c e n t  r e s u l t s  [4,  51. I n  s p i t e  of t h i s ,  t h e r e  i s  an apparent tendency 

toward decreas ing  h e i g h t  with an increase  of K
P 
. 

li. KM 

coo 

b t Kp-6 

Figure  3. A l t i t u d i n a l  d i s t r i b u t i o n  of t h e  upper ( s o l i d  
l i n e )  and lower (dashed l i n e )  edges of r a d i a l  aurora  
w i t h  v a r i o u s  Kp-indexes. 
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St ' d rmer ' s  d a t a  f o r  q u i e t  forms turned out  t o  be more l i m i t e d ,  both i n  terms 
of q u a n t i t y  and i n  terms of t h e  v a r i a t i o n  of K - however, t h e  same 

P Y  
p a t t e r n s  a r e  a l s o  r e c u r r i n g  here .  The range of h e i g h t  v a r i a t i o n  f o r  t h e  Scan

dinavian Peninsula  i s  considerably smaller than f o r  College. The arcs are 

a t  he ights  which are somewhat lower than t h e  average va lues ,  obtained by 

d i f f e r e n t  authors  without tak ing  i n t o  account t h e  magnetic a c t i v i t y  level. 

Inasmuch a s  t h e  mean of K i n  presence of q u i e t  aurora  forms, amounts t o  
P Y  

3 - 4 ,  t h i s  again suppor ts  t h e  obtained r e l a t i o n s h i p  between t h e  mean he ight  of 

homogeneous arcs, and t h e  magnetic dis turbance.  An e x t r a p o l a t i o n  of t h e  s t r a i g h t  

l i n e  up t o  K
P 

= 3 y i e l d s  a he ight  of 105 km, which i s  i n  good agreement with 

t h e  mean he ight  va lues  f o r  homogeneous forms. 

Figure 2shows t h e  r e l a t i o n s h i p  between t h e  upper and lower edges of r a d i a l  

forms of K
P
,based  on S t z r m e r ' s  da ta .  The lower edge was measured 208 t i m e s ,  

whereas t h e  upper edgz was measured 104 t i m e s .  I t  appears t h a t  t h e  s a m e  rela

t ionship  of  decreasing height  with an i n c r e a s i n g  K
P 

p r e v a i l s .  While t h e  he ight  

of t h e  lower edge changes i n s i g n i f i c a n t l y  (approximately by 10 km), t h e  mean 

he ight  of t h e  upper l a y e r s  and of t h e  upper ends of t h e  rays  changes by 80 km. 

Figure 3 shows t h e  a l t i t u d i n a l  d i s t r i b u t i o n  of t h e  upper and lower edges of 

r a d i a l  forms f o r  t h r e e  values  of K . All curves a r e  s tandard ized ,  i . e . ,  the  " 
P 

r a t i o  between t h e  number of arcs with a given h e i g h t  t o  t h e  t o t a l  number of 

cases nc is p l o t t e d  on the  a b s c i s s a .  The diagram shows t h a t  t h e  maximum of 

t h e  a l t i t u d i n a l  d i s t r i b u t i o n  f o r  t h e  lower edge p r a c t i c a l l y  does not  change, and 

is loca ted  approximately a t  t h e  l e v e l  of about 100 km. An i n c r e a s e  of t h e  mean 

he ight  values  (Figure 2)  with decreasing K
P 

i s  assoc ia ted  with t h e  appearance of 

aurora  a t  l a r g e  h e i g h t s ,  i . e . ,  with t h e  appearance of secondary maxima, which 

a r e  absent when K = 6 .  The he ights  of t h e  upper edge of r a d i a l  arcs and t h e
P 

upper ends of rays ,  when K
P 

= 4 - 5 ,  vary g r e a t l y .  There are maxima a t  he ights  

of 110 - 120, and approximately 250 km, 'Che magnitudes of t h e s e  maxima are 

r e d i s t r i b u t e d  with a t r a n s i t i o n  from K
P 

= 4 t o  K
P 

= 5. This p a r t i c u l a r  t rend  

is  no longer apparent when K
P 

= 6 ,  where w e  d e a l  with only one broad maximum 

a t  he ights  of t h e  order  of 170 km. I n  o t h e r  words, with s tepped up magnetic _. 
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a c t i v i t y ,  t h e r e  is a decrease not  j u s t  i n  t h e  vertical d i r e c t i o n  of r a d i a l  -I41  

‘formations, bu t  t h e r e  is a l s o  a scatter of probable  values .  

Figure 4 s h o w s t h e  v a r i a t i o n  of t h e  mean vertical expanse of rays  and of 

r a d i a l  arcs wi th  r e spec t  t o  K
P 
. The l i n e a r  decrease  of t h e  ray l eng ths  wi th  

inc reas ing  magnetic a c t i v i t y  is c l e a r l y  apparent .  No comparison w a s  performed 

involving t h e  s p e c i f i c  length  of , r a d i a l  forms wi th  t h e  K -index . Thus, frequen-
P 

$ l y  only t h e  he igh t  of t h e  upper and lower edges w a s  measured and t h e  number of 

i n d i r e c t  measurements w a s  r e l a t i v e l y  low. 

I I 

4 5 KP 

Figqre 4. The dependence of t h e  
me& vertical d i r e c t i o n  of r a d i a l  
a u r o r a l  forms on K,, ( s o l i d  l i n e ) ,  
and the  range of hEights  (dashed 
l ines) ,  f o r  

W e  may assume t h a t  r a d i a l .  aurora  are 

caused by e l e c t r o n s  whose energy de ter 

mines t h e  pene t r a t ion  depth. The e l e c t r o n  

energy f o r  var ious  he igh t s  w a s  t aken  from 

d a t a  repor ted  i n  [ 6 ] .  This appl ied  t o  

a monochromatic e l e c t r o n  stream, t h e  

e l e c t r o n s  being d i s t r i b u t e d  i s o t r o p i c a l l y  

among t h e  p i t c h  angles .  The i s o t r o p i c i t y  

of t h e  angular  d i s t r i b u t i o n  i s  supported 

by d i r e c t  rocket  measurements [ 7 ] .  A 

decrease of t h e  mean expanse of r a d i a l  

forms with inc reas ing  l e v e l s  of magnetic 

a c t i v i t y  i s  poss ib l e  s i n c e ,  according 

to (61,a maximum appears wi th  increased  e l e c t r o n  energy on the  e x c i t a t i o n  
0 

e f f i c i e n c y  curves of emission 3194 A; its i n t e n s i t y  increases  with inc reas ing  

w,ergy 

On Figure 4, t he  dashed l i n e  i n d i c a t e s  t h e  range of he ights  wi th in  t h e  

limits of which TI (3914 i)> 0 . 1 ~ 1 , ~ ~ ~where TI is t h e  number of quanta;  3914 i/ 
e1:cm:rl w a s  used f o r  de f in ing  the  energ ies  of e l e c t r o n s  which pene t r a t e  t o  

levels corresponding t o  t h e  lower edge of auro ra  f o r  d a t a  of K -indexes wi th
P 

r e fe rence  t o  Figure 2. Obviously, t h e  range of he igh t s  with decreasing 

e l e c t r o n  energy increases j u s t  l i k e  the  e longat ion  of r a d i a l  forms. The 
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magnitude Q > 0 . 1 ~  w a s  chosen s o  t h a t  t h e s t r a i g h t  l i n e s  coincided (Figuremax 
4) when K = 5. The real  spectrum of p a r t i c l e s  i s  n o t  s t r i c t l y  monochromatic. 

P 
However, 	 according t o  some da ta ,  a t  t i m e s  a spectrum has  been observed t h a t  

d i f f e r s  very l i t t l e  from a monochromatic spectrum [ 8 ] .  

I f  t h e  energy d i s t r i b u t i o n  of e l e c t r o n s  is represented i n  terms of a power 

spectrum, i t  w i l l  become apparent t h a t  with a decrease of t h e  e l e c t r o n  hardness 

t h e  range of heights,where Q is  p r a c t i c a l l y  constant  [6] , increases .  Thus a 

decrease of hardness is equivalent  t o  an i n c r e a s e  of t h e  number of s o f t  p a r t i c l e s  

and hence of t h e  mean a u r o r a l  he ight .  

With t h e  aurora  edge a l t i t u d i n a l  d i s t r i b u t i o n ,  t h e  following d i s t r i b u t i o n  of 

p a r t i c l e s  i n  t e r m s  of energ ies  can b e  p l o t t e d .  It is  conventional t o  express  

dNt h e  energy spectrum i n  t h e  form of -= const.  E-' . According t o  d a t a  i n  [9] ,dE 
y = 5 f o r  t h e  e x t e r n a l  r a d i a t i o n  b e l t ,  and y = 6 f o r  measurements on weather-

sounding bal loons when t h e  e l e c t r o n  spectrum is  re-es tab l i shed  by X-ray r a d i a t i o n  

[ l o ] .  According t o  [ l l ] ,  y v a r i e s  wi th in  l a r g e  l i m i t s ,  i . e . ,  from 3 . 4  t o  15. 
According t o  [12], t h e  magnitude of y may reach uni ty .  

The energy spectrum of e l e c t r o n s  obtained from aurora  a l t i t u d i n a l  d i s t r i b u 
t i o n  s i g n i f i c a n t l y  d i f f e r s  from t h e  energy spectrum descr ibed i n  t h e  l i t e r a t u r e .  

The presence of an occurrence frequency maximum i n  terms of aurora  he ight  dis

t r i b u t i o n  suggests  tha t ,a t low energ ies ,  t h e  number of p a r t i c l e s  begins t o  de

crease; hence, y must change i t s  s ign.  This  discrFpancy is  assoc ia ted  with /42 
t h e  fact  t h a t  u n t i l  r e c e n t l y  only p a r t i c l e s  with energ ies  s t a r t i n g  a t  80 eV. 

w e r e  r e g i s t e r e d  by rocke ts  and satell i tes.  I f  w e  w e r e  t o  cons t ruc t  a d i f f e r e n t i a l  

spectrum f o r  a u r o r a l  height  d i s t r i b u t i o n  i n  power form from t h e  maximum of t h e  

frequency of occurrence toward t h e  s i d e  of high energ ies ,  w e  would obta in  

y = 2 - 3 .  This c l o s e l y  coincides  with t h e  r e s u l t s  of o t h e r  measurements. 

True, t h e  obtained spectrum would be somewhat harder .  The representa t ion  of 

t h e  energy spectrum i n  exponent ia l  form [ll]a l s o  would y i e l d  only 

a decreasing s e c t i o n  near  high energies .  
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Figure 5. Rela t ionship  between 
t h e  energy of e l e c t r o n s  t h a t  
excite p o l a r  auroras ,  and t h e  
Kp-index. The curve r e f l e c t s  t h e  
e x p o t e n t i a l  r e l a t i o n s h i p ,  t h e  
circles are experimental  values .  

shows t h e  r e l a t i o n s h i p  

Consider now t h e  r e l a t i o n s h i p  between 

magnetic e x c i t a t i o n  and t h e  mean energy of 

t h e  i n t r u d i n g  e l e c t r o n s ,  determined from 

t h e  a u r o r a l  he ight .  According t o  Figures  

1and 2 ,  t h e  he igh t  changes l i n e a r l y  with 

a v a r i a t i o n  of K
P 
. Notably, I n  E (here ,  

E is t h e  e l e c t r o n  energy) is p ropor t iona l  

t o  I n  p (here ,  p is t h e  th ickness  of matter 

penet ra ted  by one e l e c t r o n  u n t i l  it s t o p s ,  

i n  g - cm2 [13]). Since t h e  v a r i a t i o n  of 

p f o r  t h e  atmosphere is  determined by a 
barometr ic  formula, we  can set I n  E % H. 

It fol lows t h a t  I n  E must depend l i n e a r l y  
bK on K

P 
o r  E = eaybKp = ce p. Figure 5 

0.21 K
PE = 1.31 e 

The do t s  show e l e c t r o n  energy va lues  corresponding t o  he igh t s  obtained on 

Figure 2 ( t h e  s t r a i g h t  l i n e  w a s  ex t rapola ted  i n  t h e  d i r e c t i o n  of K
P

-indexes).  

Obviously, during varying magnetic a c t i v i t y ,  t h e  exponent ia l  r e l a t i o n s h i p  

agrees  w e l l  wi th  t h e  mean he igh t  l e v e l  of t h e  lower a u r o r a l  edge. 

I n  conclusion,  t he  au thor  would l i k e  t o  express  h i s  apprec i a t ion  t o  

M. I. Pudovkin f o r  u s e f u l  consu l t a t ions ,  and t o  G. Sh. Zakirova f o r  d a t a  

eva lua t ions .  
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AURORAL PULSATIONS 

V. K. Roldugin 

ABSTRACT. Aurora p u l s a t i o n s  of t h e  Pil  type,  u n l i k e  
P.2 are caused n o t  by v a r i a t i o n s  of arcs and bands, but  by
the surrounding background. The d i u r n a l  changes of Pil 
p u l s a t i o n  i n t e n s i t i e s  d i f f e r  from t h e  d i u r n a l  changes of 
aurora  i n t e n s i t y .  Pulsa t ions  w e r e  observed i n  t h e  i n f r a 
red  region which w e r e  no t  accompanied by t h e  glow i n  t h e  
v i s i b l e  region of t h e  spectrum. A conclusion is made about 
t h e  d i f f e r e n t  mechanisms causing p u l s a t i n g  and non-pulsating 
a u r o r a l  f oms.  

I n  t h e  i n v e s t i g a t i o n  of t h e  numerous phenomena which comprise -I 4 4  

an ionospheric  d i s turbance  (e.g., aurora ,  absorp t ion  of cosmic n o i s e s ,  magnetic 

and ionospheric  storms, x-ray bremsstrahlung), i t  w a s  found t h a t  t h e  r e g i s t e r e d  

s i g n a l s  a r e  s u b j e c t  t o  considerable  f l u c t u a t i o n s .  A v a r i a b l e  component i s  

superimposed upon t h e  constant  s i g n a l ;  t h i s  v a r i a b l e  has  a per iod from s e v e r a l  

f r a c t i o n s  of a second t o  s e v e r a l  minutes,  and las ts  from s e v e r a l  minutes t o  

s e v e r a l  hours.  This  phenomenon i s  def ined a s  pulsa t ion .  Notably , p u l s a t i o n s  

of a u r o r a l  i n t e n s i t y  r e g i s t e r e d  by photometers a r e . a s s o c i a t e d  with shor t -

per iod v a r i a t i o n s  (SPV) of t h e  magnetic f i e l d  [l - 61.  The appearance of 

a u r o r a l  i n t e n s i t y  p u l s a t i o n s  i s  f requent ly  accompanied by absorpt ion p u l s a t i o n s  

of the  cosmic n o i s e  with i d e n t i c a l  per iods.  Since most of t h e  s t u d i e s  w e r e  

concentrated on t h e  SPV morphology of t h e  magnetic f i e l d ,  w e  w i l l  h e r e a f t e r  

employ terminology accepted f o r  t h e  d e s c r i p t i o n  of magnetic pu lsa t ions .  

An a n a l y s i s  of t h e  photometric recordings a t  t h e  Loparskaya S t a t i o n  f o r  

1964 - 66 i n d i c a t e s  t h a t  a u r o r a l  p u l s a t i o n s  occur q u i t e  f requent ly .  Thei r  

i n v e s t i g a t i o n s  e n t a i l  c e r t a i n  d i f f i c u l t i e s .  Auroral  i n t e n s i t y  varies w i t h i n  

r a t h e r  l a r g e  limits; thus ,  wi th  increas ing  i n t e n s i t y ,  it u s u a l l y  becomes 

necessary t o  decrease t h e  s e n s i t i v i t y ,  whereas with decreasing i n t e n s i t y  t h e  
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sensitivity must be increased. In the first instance, the absence of pulsations 


in the recording may be caused by insufficient sensitivity. Thus, in the 


investigation of pulsations, it is of paramount interest to record the variable 


component only. This is attained by putting an RC-filter into the amplifying 


circuit. 


Oscillations of the P.2 type with a period of 40 - 120 seconds, which 
1 


attenuate after several (2 to 5) periods,usually appear after a drastic increase 
of auroral intensity. Their appearance is associated with a transition of 
a homogenous arc into a radial arc, accompanied by a gain in intensity. ,Usually, 
pulsations of Pi2 aurora are observed in pre-midnight hours [ 6 ] .  Their 
intensity amounts to about 10% of the overall intensity. 


Pulsations with a 5 - 10 second period display a more complex behavior. 
They are analogous to the SPV of the Pil-type magnetic field. Their inherent 
characteristic is that they essentially occur during the decrease of auroral 
intensity and hardly appear before the maximum is reached. Their share in the 
total intensity may reach up to 80 - 90 percent. A comparison of auroral 

recordings made by a conventional photometer, and by a photometer with a RC
filter,shows that there is no direct relationship between the pulsation 
intensity of this type,and the intensity of general pulsations. During evening 
hours, even strong pulsations are accompanied by P.l variations with a small /451 


amplitude, whereas in pre-morning hours, aurora may appear with an intensity 


which, for practical purposes, is caused exclusively by this type of pulsations. 


The morphology of such aurora, said to be pulsating aurora, has been adequately 


studied [7]. They appear in a form of scattered wide, low-intensity spots. 


Some of them become stronger; others become weaker. Visually, it is difficult 


to establish the frequency and phase relations between them. Sometimes, an 


intensity variation of adjacent spots is observed with the same period; however, 


they are out of phase. The general impression is that of the motion of light 


waves across the sky. The intensity of strong pulsating spots is approximately 


500 rel. 
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Concerning P.2 type p u l s a t i o n s ,  w e  can, with s u f f i c i e n t  c e r t a i n t y ,
1 


assert t h a t  t h e i r  i n t e n s i t y  i s  r e l a t e d  t o  t h e  p e r i o d i c  i n t e n s i t y  v a r i a t i o n s  of 

b r i g h t  a u r o r a l  types.  However, with t h e  appearance of t h e  P . l  type of pu lsa t ions
1 


with  a simultaneous observat ion of an arc i n  t h e  sky i t  is  quest ionable  t h a t  

t h i s  type of p u l s a t i o n  is assoc ia ted  with t h e  v a r i a t i o n  of t h e  i n t e n s i t y  of 

t h e  arc. To compare b r i g h t p u l s a t i o n s  wi th  background p u l s a t i o n s ,  a photometer 

with a 3" angle  of v i e w  w a s  aimed a l t e r n a t e l y  a t  t h e  b r i g h t  ( f o r c e  of 3) 
uniform arc a t  a 30" angle over t h e  nor thern  horizon,  and a t  a p o i n t  i n  t h e  

sky, 45' south of t h e  zeni th .  ' A t  t h i s  t i m e ,  t h e r e  w e r e  no o ther  conf igura t ions  

i n  t h e  sky with t h e  exception of t h i s  a rc .  Atmospheric t r a n s m i s s i v i t y  

w a s  good. The s i g n a l  from t h e  photomul t ip l ie r  passed through an RC-f i l te r  

before  reaching t h e  ampl i f ie r .  I n t e n s i v e  v a r i a t i o n s  of t h e  br ightness  w e r e  

observed i n  t h e  arc; a t  45" S,  they w e r e  weaker by 5 t o  10 times. Considering 

t h a t  t h e  a r e a  of t h e  sky not  covered by aurora  exceeds t h e  a r e a  of t h e  arc 

by more than a f a c t o r  o.f t en ,  it becomes obvious t h a t  t h e  main component of t h e  

p u l s a t i n g  i n t e n s i t y  i s  n o t  concentrated i n  t h e  arc, but  r a t h e r  i n  t h e  surrounding 

background. S imi la r  f i n d i n g s  f o r  a non-pulsating i n t e n s i t y  w e r e  reported i n  

[ 7 ] .  Notably , t h e  p u l s a t i o n s  i n  t h e  arc w e r e  chaot ic  and i r r e g u l a r ,  whereas 

p u l s a t i o n s  a t  45' S had a r e g u l a r  na ture .  

To understand proper ly  t h e  n a t u r e  of SPV of a u r o r a l  i n t e n s i t y ,  i t  i s  

important t o  def ine  with p r e c i s i o n  t h e  term "pulsations".  It can b e  construed 

both as short-per iod o u t b u r s t s  from a constant  l e v e l ,  as w e l l  a s  i n t e n s i t y  

v a r i a t i o n s  w i t h  r e s p e c t  t o  t h a t  level. An a n a l y s i s  of P.l recordings wi th
1 


and without an RC-fi l ter  l e a d s  us t o  t h e  d e f i n i t e  conclusion t h a t  they are 

o u t b u r s t s  wi th  respec t  t o  t h e  fundamental l e v e l  of t h e  s i g n a l  which changes 

slowly. P u l s a t i o n s  of t h e  P.2 type are more suggest ive of o s c i L l a t i o n s  than
1 


of b u r s t s .  I n  t h e  aforenamed experiment, t h e  i n t e n s i t y  v a r i a t i o n s  of t h e  arc 

took p l a c e  i n  t h e  form of o u t b u r s t s  i n . b o t h  d i r e c t i o n s ,  whereas a t  45' S,  t h e  

o u t b u r s t s  w e r e  d i r e c t e d  only toward t h e  s i d e  of increas ing  i n t e n s i t y .  The 

i n t e n s i t y  v a r i a t i o n  of t h e  arc had a n o i s e  na ture .  

Daily v a r i a t i o n s  of t h e  p u l s a t i n g  aurora  with re ference  t o  l o c a l  t i m e  

w e r e  p l o t t e d  from t h e  photometric recordings made by a z e n i t h  photometer f o r  
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t h e  1964 - 1965 and 1965 - 1966 seasons.  Data f o r  96 n i g h t s  w e r e  evaluated,  

r ega rd le s s  of whether au ro ra  d id  o r  d id  no t  appear a t  n i g h t .  The r e s u l t s  are 
shown on Figure 1. The ampl i f i ca t ion  c i r c u i t  of t h e  photometer d id  not  inc lude  

an RC-fi l ter ,  and hence t h e  con t r ibu t ion  of very weak p u l s a t i o n s  i s  not  taken 

i n t o  account. For comparison purposes,  Figure 1, cy  shows t h e  d a i l y  

v a r i a t i o n s  of a u r o r a l  i n t e n s i t y  f o r  t h e  Loparskaya S t a t i o n  f o r  1963 - 1964, 
0 

obtained from photometric record ings  of t he  e n t i r e  sky i n  t h e  3914 A emission. 

I n  p l o t t i n g  t h e  graph, t h e  d a t a  f o r  18 aurora ,  averaged f o r  1 5  minute i n t e r 

vals ,were used. There w e r e  about 10 aurora  f o r  each 15-minute i n t e r v a l .  The 

photometer w a s  s tandard ized  f o r  n igh t  background. I n  analyzing t h e  photometric 

t r a c e s  obtained a t  n i g h t ,  i n  t h e  absence of aurora ,  i t  w a s  found t h a t  t h e  

background i n t e n s i t y  a t  n igh t  changes very l i t t l e ,  wi th in  t h e  l i m i t s  of about 

20%. Repeated s tandard iz ing  by incandescent lamps,  revealed t h a t  

t h e  background i n t e n s i t y  during d i f f e r e n t  moonless n i g h t s  is  s u f f i c i e n t l y  

cons tan t .  Thus, s t anda rd iza t ion  of photometric record ings  f o r  noc tu rna l  back- /46 
ground is  acceptab le  i n  p l o t t i n g  t h e  d a i l y  v a r i a t i o n s .  

This  d a i l y  v a r i a t i o n  is  c lose  t o  t h e  one descr ibed i n  [ 8 ] ,  which w a s  

p l o t t e d  from d a t a  obtained wi th  a S-180 camera tak ing  i n t o  account aurora  

a c t i v i t y .  I n  l o c a l  time, t h e  maximums a t  20h , 23h and 1h 30m coinc ide ;  t he  

morning m a x i m u m  a t  Loparskaya S ta t ion ,  t akes  p lace  a t  4h ; a t  T i k s i  Bay, which 

is  geographica l ly  no r th  of Loparskaya S t a t i o n ,  t h e  maximum occurs  a t  6h . 

Figure 1 shows t h a t  t h e  maximuins of t h e  appearance and of pu l sa t ion  

a c t i v i t y  occur  between 2 and 3h LMT. It is t y p i c a l  t h a t ,  i f  t h e r e  i s  a smooth 

broad m a x i m u m  from zero  t o  qh f o r  t h e  p r o b a b i l i t y  of occurrence,  then t h i s  
hmaximum is  more pronounced f o r  pu l sa t ion  i n t e n s i t i e s .  A t  about 20 ,, a l a r g e  

maximum of a u r o r a l  i n t e n s i t y  w a s  observed. It i s  r e l a t e d  t o  homogeneous forms, 

whereas t h e  corresponding maximum of t h e  occurrence of p u l s a t i o n s  i s  s m a l l .  
h

The second maximum of a u r o r a l  i n t e n s i t y  ( a t  23 ) is caused by t h e  appearance 

of r a d i a l  forms. The a u r o r a l  i n t e n s i t y  decreases ,  and i s  less a f t e r  midnight 

hours than  during pre-midnight hours. The pu l sa t ion  i n t e n s i t y ,  on t h e  cont ra ry ,  

keeps increas ing ,  and is  cons ide rab l ly  h igher  during af ter-midnight  hours than 
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during pre-midnight hours. I n  morning hours,  t h e r e  is  a second s i g n i f i c a n t  

i nc rease  of both: t he  p r o b a b i l i t y  of t h e  occurrence,  as w e l l  as of t h e  

i n t e n s i t y  of t h e  pu l sa t ions .  However, t h e  elements of t h i s  max imum do not  

lend themselves t o  t r ac ing  due t o  t h e  onse t  of dayl ight .  

These d i u r n a l  v a r i a t i o n s  d i f f e r  somewhat from t h e  f ind ings  repor ted  i n  /48 
[4,5],  The d i u r n a l  changes of Pil  pu l sa t ions ,  obtained by R. G. Skrynnikov 

[4], gene ra l ly  are similar t o  t h e  d i u r n a l  changes shown i n  Figure 1; however, 

they  have a d i f f e r e n t  r a t i o  of t h e  amplitude of t he  maximum of occurrences.  

I f  t h e  p r o b a b i l i t y  of occurrence r a t i o  a t  gh and 21h i n  Figure 1 is approximately 

5, then  f o r  analogous maximums i n  [ 4 ] ,  t h i s  r a t i o  i s  of t h e  o rde r  of 1.2. It 

is  pointed out  i n  [4]  t h a t  t h e  amplitude of Pi l  pu l sa t ions  i n  t h e  glow maximum 

i s  considerably higher  than t h e  amplitudes of pre-morning pu l sa t ions .  Since no 

d a t a  obtained later than gh are given i n  [4 ,5 ] ,  i t  is impossible  t o  compare t h e  

r e s u l t s  f o r  t h e  morning maximum. Inasmuch as t h e  f ind ings  repor ted  i n  [4 ,5]  go 

back t o  1961, it is  probable t h a t  t h e  d i f f e rences  of t h e  d i u r n a l  v a r i a t i o n s  are 

as soc ia t ed  wi th  thechangeof  t h e  na tu re  of aurora  i n  years  of minimal s o l a r  

a c t i v i t y .  

It w a s  pointed out  i n  [9]  t h a t  almost a l l  fundamental emissions i n  t h e  
0 

v i s i b l e  range are pu l sa t ing ,  wi th  t h e  except ion of 6300 A , whose l i f e t i m e  is 

about 2m. Photometric observa t ions  i n  t h e  i n f r a r e d  range of t h e  spectrum 

w e r e  performed i n  t h e  win ter  of 1964 - 1965 a t  t h e  Loparskaya S ta t ion .  Speci

men simultaneous recordings of Pi l  pu l sa t ions  i n  t h e  v i s i b l e  and i n  t h e  i n f r a 

red ranges made on 4 March 1965 are shown on Figure 2. The i n t e n s i t y  v a r i a t i o n s  

i n  both regions of t h e  spectrum are i n  good agreementwitheach o the r .  However, 

during t h e  two and a ha l f  months when t h e  photometer w a s  opera t ing  i n  t h e  

i n f r a r e d  region,  t h e r e  w e r e  t h r e e  in s t ances  noted when r a d i a t i o n  appeared which 

w a s  no t  accompanied by r a d i a t i o n  i n  t h e  v i s i b l e  range. A l l  t h r e e  of t h e s e  

in s t ances  relate t o  pu l sa t ing  auroras:  once during pre-midnight hours t h e r e  

appeared Pi2 type pu l sa t ions ,  and t w i c e  during a f t e r  midnight hours ,  p u l s a t i o n s  

of t h e  Pi1 type  w e r e  recorded. ‘Unfo r tuna te ly ,  s i n c e  t h e  pass  band w a s  t o o  
0 

wide (from 8800 t o  10,800 A) it w a s  impossible t o  determine which emissions 

cause a u r o r a l  i n t e n s i t y  p u l s a t i o n s  i n  t h e  i n f r a r e d  region. 
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Figure 1. Daily v a r i a t i o n s  of the frequency 
of occurrence (a), pu l sa t ion  i n t e n s i t y  (b) ,  
and a u r o r a l  i n t e n s i t y  (c). 

The most c h a r a c t e r i s t i c  per iod f o r  pu l sa t ions  of t h e  Pil type is t h e  

per iod of 4 t o  8 seconds. This  agrees  wi th  t h e  f ind ings  repor ted  i n  [ 4 , 5 ] .  
However, v a r i a t i o n s  wi th  a smaller per iod w e r e  a l s o  observed. Figure 3 shows 

a specimen recording of SPV of aurora  a t  22h 30m LMT,made on 4 January 1966. 
Thei r  c h a r a c t e r i s t i c  f e a t u r e ,  ou t s ide  of t h e  s m a l l  per iod (0.5 second),  is 
a r e g u l a r i t y  of t h e  shape, which is rare f o r  SW. Var ia t ions ,  approximately 

wi th  t h e  same per iod ,  bu t ,  of an i r r e g u l a r  na tu re ,  w e r e  oabserved before  t h e  

onse t  of dawn on 25 December 1965 (Figure 4). It w a s  poss ib l e  t o  observe 

v i s u a l l y  only i n t e n s e  short-t ime f l a r e s  i n  t h e  northernhemisphere.  Of o t h e r  
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Figure 2.  Specimen of a simultaneous recording 
of auroral pulsations in  the v i s ib le  (a) and 
infrared (b) region of the spectrum. 

Figure 3. Intensity pulsations of aurora, recorded in  the evening 
of 4 January 1966. 

Figure 4. Auroral pulsation intensity,  recorded i n  the morning of 
25 December 1965. 
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'il 

forms, only one aurora  a t  t h e  nor thern  horizon w a s  noted which d id  not  h i t  t h e  

angle  of view of t h e  photometer, used f o r  recording these  pu l sa t ions  

Pulsa t ions  of x-ray r a d i a t i o n  f o r  E > 60 keV w e r e  r epor t ed  i n  [ lo ]  

These d a t a  i n d i c a t e  t h a t  t h e r e  are d i f f e r e n t  mechanisms at work which are 

respons ib le  f o r  t he  occurrence of pu l sa t ing  and non-pulsating aurora .  Apparently, 

t h e  d i f f e rence  lies, above a l l ,  i n  t h e  energ ies  of t h e  p a r t i c l e s  involved in 
ron-pulsat ing and pu l sa t ing  a u r o r a l  forms. The conclusions der ived from t h e  

s tudy of non-pulsating a u r o r a l  shapes may not  be app l i cab le  t o  pu l sa t ing  shapes.  

An important s t e p  i n  e s t a b l i s h i n g  t h e  na tu re  of pu l sa t ing  aurora  would be a 
determinat ion of t h e i r  he ight .  However, d i r e c t  t r i a n g u l a t i o n  methods are r a t h e r  

d i f f i c u l t  t o  apply due t o  t h e  i n d i s t i n c t n e s s  of aurora ,  and t h e  rap id  v a r i a t i o n s  

of t h e i r  shapes. 
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POLAR AURORA AT THE MINIMUM OR MAXIMUM CYCLE 
OF SOLAR ACTIVITY 

Ya.  I. Fel 'dshteyn, L. V. Lukina, and N. F. Shevnina 

ABSTRACT. A comparison i s  c a r r i e d  out  of aurora  i n  the  
yea r s  of t h e  m a x i m u m  (IGY) and minimum (IQSY) cyc le  of s o l a r  
a c t i v i t y .  I f  w a s  found: 

1. t h a t ,  al though t h e  level of s o l a r  a c t i v i t y  has  
g r e a t l y  reduced, aurora  on the  n i g h t s i d e  on t h e  l a t i t u d e  of 
t h e  ova l  a u r o r a l  zone continue t o  appear  p r a c t i c a l l y  without  
i n t e r v a l :  

2. t h a t  t h e  c e n t r a l  l i n e  of t h e  ova l  zone dur ing  t h e  
yea r s  of t h e  minimum has only s l i g h t l y  s h i f t e d  i n  t h e  n i g h t  
hours towards t h e  po le  ( '~1.5 ' ) ;  

3. t h a t  wi th  p l ane ta ry  magnetic d i s tu rbances  r e l a t i v e l y  
similar i n  i n t e n s i t y  (K

P 
= 5) ,  t h e  region of l a t i t u d e s  covered 

by au ro ra  on t h e  n i g h t  s i d e  of t h e  Ear th  i n  t h e  yea r s  of t h e  
maximum s t r e t c h e s  t o  lesser @ '  than i n  t h e  yea r s  of t h e  minimum; 

4. t h a t  c e r t a i n  s t a t i s t i ca l  r e g u l a r i t i e s  i n  aurora  
are i n  good c o r r e l a t i o n  wi th  t h e  ova l  form of the a u r o r a l  
zone during t h e  IQSY period; t h i s  form i s  analogous t o  t h e  
one suggested earlier f o r  t h e  I G Y  period. The r e g u l a r i t i e s  
mentioned are t h e  d i u r n a l  v a r i a t i o n s  i n  t h e  au ro ra  occur
rences P% (Figure 4) ;  l a t i t u d e  d i s t r i b u t i o n  of t h e  number of 
aurora  occurrences a t  d i f f e r e n t  hours of l o c a l  t i m e  (F igure  5); 
d i u r n a l  s h i f t s  of t h e  au ro ra  reg ion  along t h e  meridian 
(Figure 6) ;  changes of o r i e n t a t i o n  of elongated forms of 
au ro ra  (Figure 7). Figure 2 shows t h e  map of i soau ro ra  
( l i n e s  of equa l  number of occurrences i n  the z e n i t h  f o r  t h e  
IQSY per iod) .  

Phenomena of t h e  e lec t romagnet ic  complex of t h e  upper l a y e r s  of t he  E a r t h ' s  /50-
atmosphere are c l o s e l y  a s soc ia t ed  wi th  s o l a r  a c t i v i t y  and are s u b j e c t  t o  no tab le  

c y c l i c  v a r i a t i o n s .  Observations conducted during t h e  IQSY w e r e  followed by an 
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i n t e r p r e t a t i o n  of photographic da t a  on aurora ,  and a comparison with t h e  pre

v ious ly  known l a w s  of t h e  ICY('! t o  determine t h e  c y c l i c  v a r i a t i o n s  of aurora .  

To make such a comparison poss ib le ,  t h e  same method of askaf i lm eva lua t ion  w a s  

used i n  1963 - 1965 as w a s  used previously during t h e  I G Y  [l-31. The frequency 

of aurora  occurrence w a s  used as t h e  index of a c t i v i t y .  This  index w a s  
computed as t h e  r a t i o  of half-hour i n t e r v a l s  wi th  aurora  a t  t h e  zen i th  t o  t h e  

t o t a l  number of ha l f  -hour observat ion i n t e r v a l s .  Daylight and unfavorable 

meterological  condi t ions  w e r e  not  included i n  t h e  ana lys i s .  The prel iminary 

r e s u l t s  of t he  a n a l y s i s  of space-time d i s t r i b u t i o n  of aurora  f o r  t h e  IQSY 
period,  based on photographic observat ions performed by t h e  observat ion network 

of t he  USSR, fol low below. For t echn ica l  reasons,  t he  most nor thern  observat ion 

s t a t i o n  w a s  at  0' = 74.5'. Thus, f o r  t he  t i m e  being,  da t a  on aurora  i n  t h e  

circumpolar area are as y e t  no t  a v a i l a b l e  t o  us .  I n  view of t h i s ,  t h e  d a t a  f o r  

IQSY,  c i t e d  below, must be supplemented i n  t h e  fu tu re .  This is planned by adding 

observat ion d a t a  as they become a v a i l a b l e  a t  t h e  World Data Center. 

The l a t i t u d i n a l  frequency d i s t r i b u t i o n  of au ro ra  f o r  a l l  days, taken during 

a s i x  hour per iod ,  centered f o r  l o c a l  midnight,  i s  shown on Figure 1. The geo

magnetic l a t i t u d e  of observat ion s t a t i o n s  w a s  co r rec t ed ,  taking i n t o  account 

t he  nondipole d i s t r i b u t i o n  terms of t h e  b a s i c  geomagnetic f i e l d  i n  t h i s  series 

of s p h e r i c a l  harmonics [4 ,5] .  Curve 1 def ines  the  d i s t r i b u t i o n  p r o b a b i l i t y  of 

occurrence of aurora  i n  1963 - 1965, whereas Curve 2 r e f l e c t s  the  same phenomena 

i n  t h e  1957-1959 per iod.  

I n  s p i t e  of t he  s i g n i f i c a n t  decrease of s o l a r  a c t i v i t y  ( t h e  Wolf numbers 

decrease approximately by t h e  f a c t o r  of 13 ) ,  aurora  a t  Dixon I s l a n d  and a t  Cape 

Chelyuskin w e r e  observed almost a l l  t h e  t i m e .  Thus, f o r  p r a c t i c a l  purposes,  

aurora  appear con t inua l ly  on t h e n i g h t  s i d e  of t h e  Ear th  near  t h e  ova l  zone 

l a t i t u d e .  This  a p p l i e s  t o  years  of m a x i "  as w e l l  as of minimum s o l a r  a c t i v i t y -

To e s t a b l i s h  a more p r e c i s e  l o c a l i z a t i o n  of t h e  p o s i t i o n  of t h e  maximum i n  terms 

of a l t i t u d i n a l  d i s t r i b u t i o n  i n  1963 - 1965, t h e  frequency of aurora  occurrence /51 
i n  nor thern  and southern azimuths w a s  computed a t  z e n i t h  angles  l a r g e r  than 60'. 
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The computation r e s u l t s  f o r  a number of s t a t i o n s  are shown i n  the  t ab le .  

It fol lowsfrom t h e  t a b l e  t h a t  near  midnight a t  s t a t i o n s  Heiss I s l and ,  

Cape Zhelaniya,  Cape Chelyuskin, t he  aurora  appear wi th  g r e a t e r  frequency i n  

t h e  southern hemisphere, whereas on Dixon I s l a n d  a n d T i k s i  Bay, they are more 

f r equen t ly  seen i n  t h e  nor thern  hemisphere. A t  Cape Chelyuskin and Dixon 

4% 
m 

-
W 

-


-


65 70 75''*N 

Figure '* The latitudinaldistributionof t h e  frequency of occurrence P of 
au ro ra  nea; midnight f o r  a l l  days. 

1 - t h e  IQSY per iod;  2 - t h e  I G Y  per iod.  

I s l and ,  where au ro ra  appear most 

f r equen t ly  a t  t h e  zen i th ,  t h e  aurora  

i n  one ha l f  of t h e  hemisphere appear 

approximately twice as f r equen t ly  as i n  

the  o t h e r  h a l f .  Thus, one could assume 

t h a t  t h e  reg ion  of maximum a u r o r a l  

frequency is wi th in  t h e  l a t i t u d e s  

between Cape Chelyuskin and Dixon 

I s l a n d ,  approximately a t  equal  d i s t ances  

from t h e s e  s t a t i o n s .  Cape Chelyuskin 

is  at cp' = 71.2', whereas Dixon is a t  

-68.0". Consequently, aurora  during t h e  

IQsYmostfrequentlyappeared at n t g h t  

hours a t  cp' % 69 - 70". North arid 

south of these l a t i t u d e s ,  t h e  proba

b i l i t y  of occurrence of aurora  a t  t h e  

zen i th  goes down d r a c t i c a l l y .  

The l a t i t u d i n a l  d i s t r i b u t i o n  during t h e  yea r s  of t h e  cyc le  maximum w a s  

ob ta ined  by adding t h e  observa t ion  da ta  f o r  1958 - 1959 [7] ,  t o  t h e  d a t a '  

ob ta ined  i n  1957 - 1958 [61. It appears t h a t  i n  1957 - 1959, aurora  l a t i t u d 

i n a l  d i s t r i b u t i o n  w a s  more spread out .  Aurora most f r equen t ly  appear i n  the  

i n t e r v a l  of 66 - 70°. Thus, i f  t h e  au ro ra l  zone is  a r b i t r a r i l y  set as t h e  

l a t i t u d e  of t h e  c e n t e r  l i n e  of t h e  l a t i t u d e  region where aurora  appear with 

m a x i "  frequency then  t h i s  region,during the  IGY, w a s  a t  a' % 68', whereas 

during t h e  IQSY it  w a s  a t  a' % 69.5'. It fol lows t h a t  t h e  c y c l i c  s h i f t  

of t h e  a u r o r a l  zone toward t h e  n i g h t  s i d e  of t h e  Ea r th  amounts t o  only 1.5'. 
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Observation 
s t a t i o n  

H e i s s  I s l a n d  

Cape Zhelaniya 

Cape Chelyuskin 

Dixon I s l a n d  

TiksiBay 

TABLE 


Frequency of 
occurrence of 
aurora  i n  t h e  
no r th ,  4; 

19.2 

29.8 

44.0 

80.1 

60.6 

~~ 

Frequency of 
occurrence of 
aurora  i n  t h e  
south ,  % 

67.3 

40.8 

74.6 

44.9 

11.1 

A t  t he  circumpolar s i d e  of t h e  zone, up t o  @ '  % 7S0, tFie frequency of a u r o r a l  /52 

Occurrence i n  yea r s  of t h e  cyc le  maximum and minimum is p r a c t i c a l l y  th.e same. 


However, on t h e  e q u a t o r i a l  s i d e ,  aurora  appear with considerably g r e a t e r  f r e  


quency during t h e  yea r s  of t h e  maximum. Notably, t h i s  d i f f e r e n c e  f o r  t h e  


e q u a t o r i a l  s i d e  w a s  obtained from t h e  da t a  of a l a r g e  number of s t a t i o n s ,  and 


thus should be considered r e l i a b l e .  The absence of c y c l i c  v a r i a t i o n s  a t  


0' > 71° is  based on d a t a  of only one s t a t i o n  (Heiss I s l a n d ) ,  and hence should 


be considered i n  conjunct ion wi th  a d d i t i o n a l  data .  The s h i f t  of t h e  p o s i t i o n  


of t he  c e n t e r l i n e  of t h e  ova l  zone and t h e  more f requent  appearance of aurora  


a t  l o w  l a t i t u d e s  i n  yea r s  of t h e  maximum is  a consequence of more f requent  


magnetic d i s turbances .  Moreover, when magnetic d i s turbances  are equal  i n  


t h e i r  i n t e n s i t y ,  t h e  l a t i t u d e  zone, covered by aurora  a t  t h e  n i g h t  s i d e  of the 


Earth,  extends to lower a '  i n  t h e  years  of max imum,  than i n  t h e  yea r s  of a 


minimum [8 - 101. 


The minimum of t h e  s o l a r  a c t i v i t y  during t h e  IQSY w a s  no t  as deep as i n  t h e  

winter  of 1954 - 1955, when hourly v i s u a l  observa t ions  of aurora  w e r e  performed 

a t  50 s t a t i o n s  a t  longi tudes  of 50 - llOo E [ll]. It w a s  noted then  t h a t  au ro ra  

are observed d a i l y ,  even during magneto-quiet days (CK c 15) .  The zone of 



I 1  I l l  I I I Ill1 I I I I I I  


328 


148 

Figure 2. Isoaurora during n ight t ime hours i n  
1963 - 1965. The bold l i n e  def ines  t h e  F r i t z -
Westin zone. 

maximum frequency of a u r o r a l  appearance during a l l  days,  inc luding  magnetoquiet* 
days, w a s  at t h e  geomagnetic l a t i t u d e  of 65', which cofresponds t o  CP' % 70". 

Thus, t h e  p r a c t i c a l l y  continuous presence of aurora  at  CP' % 70' i s  t y p i c a l  

a l s o  f o r  a deeper minimum of t h e  win ter  1954-1955 ( t h e  sum of t h e  monthly 

average of Wolf numbers from October 1954 through March 1955 amounted t o  72.6, 

as compared t o  123.2 f o r  October - March 1963 - 1964 and 75.7 f o r  1964 - 1965). /53 
According t o  [12], t h e  a u r o r a l  zone s h i f t  toward t h e  equator  from 1954 - 1955 t o  

1957 - 1958 amounted only t o  2.5'. Consequently, c y c l i c  changes i n  t h e  p o s i t i o n  

of t h e  l i n e  o u t l i n i n g  t h e  most f requent  occurrence of aurora  on t h e  n ight  s i d e  of 

t h e  Earth are s m a l l ,  and amount t o  only 1.5 - 2.5'. 

It is assumed t h a t  i soaurora  ( l i n e s  on t h e  s u r f a c e  of t h e  Earth,  connecting 

p o i n t s  wi th  equal  occurrence of aurora  a t  t h e  zeni th)  are loca ted  during n i g h t  

hours along cor rec ted  
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geomagnetic p a r a l l e l s ,  o r  along t h e  l i nec  
of equal  va lue  of t h e  parameter L [13]. 

This  assumption is r e f l e c t e d  i n  Figure 2. 

where a family of i o sau ro ra  is p l o t t e d  f o r  

a minimum cycle  of s o l a r  a c t i v i t y .  Iso
aurora  f o r  t h e  maximum cyc le  are d e t a i l e d  

i n  [14]. The p o s i t i o n  of t h e  m a x i "  

i soau ro ra  (of t h e  Fritz-Westin zone) is  
shown by a t h i c k e r  l i n e .  I n  1963 - 1965, 

t h e  frequency of appearance of aurora  
Figure 3. L a t i t u d i n a l  d i s t r i b u t i o n  

of t he  frequency of appearance P of a t  t h a t  zone i n  t h e  nor thern  hemisphere 
aurora  i n  near-midnight hours when w a s  t h e  same as i n  1957 - 1959; however, 
K = 5.P t h e  m a x i m u m  i soaurora  w a s  somewhat s h i f t e d  

1 - t h e  IQSY period;  2 - IGY period. toward t h e  pole .  

It w a s  demonstrated i n  [9] t h a t  when K < 1, t h e  l a t i t u d i n a l  d i s t r i b u t i o n s
P 

of t h e  frequency of a u r o r a l  d i sp l ays  f o r  1957 - 1959 and 1963 - 1965 p r a c t i c a l l y  

coincide.  When K
P -

> 5 ,  t h e r e  are s u b s t a n t i a l  d i f f e rences  i n  t h e  frequency of 
a u r o r a l  d i sp l ays  south of the  Fritz-Westin zone. In years  of a maximum,  a 
d r a s t i c  decrease of t h e  p robab i l i t y  of a u r o r a l  d i sp l ays  takes  p l ace  a t  @ *  'L 59', 

whereasin years  of a minimum, it takes p lace  a t  @ *  'L 64'. To be a b l e  t o  eva lua te  

t h e  reasons f o r  such a d i f f e rence  with g r e a t e r  c e r t a i n t y ,  t h e  l a t i t u d i n a l  

d i s t r i b u t i o n  of a u r o r a l  d i sp l ays  a t  t h e  z e n i t h  w e r e  p l o t t e d  f o r  n igh t  hours 

when K
P 

= 5; t h e  diagram is shown on Figure 3. 

The diagram c l e a r l y  shows t h e  d i f f e r e n c e  i n  l a t i t u d i n a l  d i s t r i b u t i o n  a t  

@ *  'L 54 - 65', where,during t h e  maximum of t h e  cyc le ,aurora  appear considerably 

more o f t e n  than during t h e  per iod of t h e  minimum, even a t  t h e  same level of 
p lane ta ry  geomagnetic dis turbance.  A more f requent  appearance of a u r o r a l  d i s 

p lays  a t  middle l a t i t u d e s  during t h e  IGY, as compared t o  t h e  IQSY, stems from 
two causes: 1) a more f requent  appearance of i n t e n s e  magnetic d i s turbances ,  

and 2) expansion of aurora  t o  lower l a t i t u d e s  even at t h e  same level of geo

magnetic dis turbance.  

77 



I n  processing t h e  IGY da ta ,  it w a s  found t h a t  ins tan taneous  au ro ra l  d i s t r i 

bu t ion  has an e s s e n t i a l  assymmetry, and t h a t  aurora  most f r equen t ly  appear along 

the  ova l  zone of p o l a r  aurora  [2 ,  15, 161. The ova l  zone of t h e  aurora  can be 

used t o  expla in  t h e i r  fundamental s ta t i s t ica l  l a w s ;  t h e  shape of t h e  d i u r n a l  

frequency v a r i a t i o n s  of a u r o r a l  d i sp l ays  a t  d i f f e r e n t  l a t i t u d e s ,  t h e  p o s i t i o n  of 

t h e  maximum i n  l a t i t u d i n a l  s e c t i o n s  as a func t ion  of l o c a l  t i m e ,  t h e  a u r o r a l  

motion along t h e  meridian,  t h e  v a r i a t i o n s  i n  the  o r i e n t a t i o n  of elongated forms 

observed a t  the  s t a t i o n  during t h e  n igh t .  The l a w s  s t i p u l a t e d  below ( f o r  

t h e  IQSY) are i n  very  good agreement with t h e  concept of t h e  ova l  zone of 

auro  ra. 
Figure 4 shows t h e  frequency v a r i a t i o n s  of a u r o r a l  d i sp l ays  a t  t h e  zen i th  

a t  s t a t i o n s  a t  Cape Zhelaniya,  Cape Chelyuskin, Dixon, Murmansk, and Verkhoyansk 

during a 24-hour per iod .  A t  t h e  most nor thern  s t a t i o n s  (Cape Zhelaniya and 

Cape Chelyuskin), t h e  near-midnight maximum b i f u r c a t e s ,  and a u r o r a l  d i sp l ays  

occur most f r equen t ly  be fo re  and a f t e r  t h e  geomagnetic midnight.  This  shape of /54 
.d iurnal  v a r i a t i o n s  is  t y p i c a l  f o r  p o i n t s  c lose  t o  t h e  Fritz-Westin zone i n  

the  d i r e c t i o n  of t h e  pole .  It is  caused by t h e  s t a t i o n  passing under t h e  ova l  

zone of aurora  before  and after midnight during t h e  d i u r n a l  r o t a t i o n  of t h e  

Earth.  Auroral  d i sp l ays  on Dixon I s l and  most f r equen t ly  t ake  p lace  during 

near-midnight hours;  t h i s  a l s o  suppor ts  t h e  concept of t h e  ova l  zone. In  near-

midnight hours,  t h e  ova l  zone is loca ted  a t  l a t i t u d e s  of t h e  Fritz-Westin zone, 

i.e., somewhat no r th  of Dixon. Hence, i n  the  d i u r n a l  v a r i a t i o n  of t he  frequency 

of a u r o r a l  d i sp l ays ,  one n igh t  maximum is  observed a t  l a t i t u d e s  south of t h e  

Fritz-Westin zone. The i n t e n s i t y  of t h i s  maximum decreases  wi th  decreasing 

d i s t ance  from t h e  equator .  While au ro ra l  d i sp l ays  appear a t  Dixon i n  a maximum 

of 96 cases  out  of a hundred, t h e  r a t i o s  f o r  Murmansk and f o r  Verkhoyansk are 

25 and 7 out  of a hundred, respec t ive ly .  

The d iu rna l  s h i f t  of t h e  zone of t h e  most f requent  a u r o r a l  d i sp lays  a t  t h e  

zen t ih  becomes e s p e c i a l l y  pronounced when w e  consider  t h e  l a t i t u d i n a l  d i s t r i b u t i o n  

of t he  frequency of a u r o r a l  d i sp l ays  a t  var ious  hours i n  l o c a l  t i m e .  Figure 5 

shows the  d i s t r i b u t i o n  a t  0 - 1, 7 - 8, and 17 - 1 8
h 

TXT, obtained from t h e  
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a 

b 

Figure 5. L a t i t u d i n a l  d i s t r i b u t i o n  
of t h e  frequency of a u r o r a l  d i s 
p lays  P a t  d i f f e r e n t  hours  l o c a l  
time. 

h h(a)- 0 - 1 ;(b)- 7 - 8 ; (c ) - 1 7  - 18h. 
Figure 4 .  Diurnal v a r i a t i o n s  i n  t h e  

frequency ofappearancep  of a u r o r a l  
recordings of a l l  S-L80 cameras used i nd i s p l a y s  during t h e  IQSY. 
a u r o r a l  photography during t h e  IQSY. 

a - Cape Zhelaniya; b - Cape Chelyuskin; 
The s t a t i s t i ca l  b a s i s  f o r  t h e  va luesc - Dixon Is land;  d - Murmansk; 


e - Verkhoyansk. of P ( i n  percent)  is d i f f e r e n t  f o r  


d i f f e r e n t  s t a t i o n s ' d u e  t o  t h e  d i f f e r e n t  

dura t ion  of darkness allowing a u r o r a l  photography, as w e l l  as due t o  t h e  d i f f e r i n g  

t e c h n i c a l  level of t h e  photographic personnel. Unfortunately,  t h e  most 

n o r t h e r n s t a t i o n  ( H e i s s  I s l a n d )  w a s  operat ing during one season only  (1963 
1964). Thus, t h e  a b s o l u t e  va lues  of P ( i n  percent ) ,  obtained a t  t h a t  s t a t i o n ,  

must be approached c a r e f u l l y ,  t ak ing  i n t o  account (Figure 5) t h e  tendency 

f o r  P t o  vary  ( i n  percent)  a t  l a t i t u d e s  above 71.5 0. 

During near-midnight hours,  t h e  maximum of a u r o r a l  d i s p l a y s  is  observed i n  

t h e  area of t h e  Dixon Observatory; it decreases  toward t h e  pole and toward the 

equator  (Figure 5,a).  I n  t h e  morning and evening hours,  the p r o b a b i l i t y  of 
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a u r o r a l  d i s p l a y s  i n c r e a s e s  monotonically toward t h e  pole;  a t  t h e  l a t i t u d e s  of 


Dixon, t h e  max imum is  d e f i n i t e l y  absent.  Using t h e  d a t a  at our  d i s p o s a l  a t  t h e  


present  t i m e ,  i t  appears impossible t o  determine with accuracy i t s  p o s i t i o n  i n  


l a t i t u d i n a l  s e c t i o n s  f o r  morning and evening hours.  However, t h e s e  d a t a  


(Figure 5) d i s t i n c t l y  i n d i c a t e  t h a t  t h e  zone of t h e  most f requent  a u r o r a l  -
I 5 5  

d i s p l a y s  is  s h i f t e d  toward higher  l a t i t u d e s  during morning and evening hours,  

as compared t o  n ight  hours. 

I f  t h e  zone of t h e  most f requent  a u r o r a l  d i s p l a y s  a t  t h e  z e n i t h  is o r i e n t e d  

with r e s p e c t  t o  t h e  Sun i n  such manner t h a t  it is  a t  h igher  l a t i t u d e s  i n  day 

hours than i n  n i g h t  hours ,  then a t  a given s t a t i o n ,  one would observe a 

meridional  motion of t h e  aurora  toward t h e  equator  during pre-midnight hours,  

whereas during af ter-midnight hours  t h e  motion would b e  d i r e c t e d  toward t h e  

pole.  The presence of a d i u r n a l  a u r o r a l  s h i f t  fol lows a l s o  from t h e  Alfvkn [17] 

theory of aurora.  According t o  t h i s  theory,  t h e  maximum d i s t a n c e  between t h e  

pole  and t h e  aurora  band would b e  observed at  18h, whereas t h e  minimum d i s t a n c e  

would become apparent at  6h . 
S h i f t s  i n  t h e  l a t i t u d e  of. a u r o r a l  d i sp lays  a t  s t a t i o n s  near  t h e  Fritz-Westin 

zone w e r e  known f o r  a long t i m e .  It w a s  pointed out  i n  a number of s t u d i e s  t h a t  

t h e s e  s h i f t s  are n o t  i n  agreement with what could be expected t h e o r e t i c a l l y  

from t h e  AlfvGn theory.  Thus, a t  a maximum d i s t a n c e  from t h e  pole ,  t h e  a u r o r a l  

band i s  observed during near-midnight hours,  r a t h e r  than a t  18h [18, 191. The 

ex is tence  of sys temat ic  meridional  movements of aurora  during t h e  IGY has  been 

pointed out  by Dzyubenko [20]. Such meridional  movements agreed wi th  the concept 

of t h e  ova l  zone. According t o  [20], a t @ '  <72O, a u r o r a l  d i s p l a y s  during 

evening hours occur a t  minimaldis tancesfrom t h e  pole ,  s h i f t  t o  a maximum 

d i s t a n c e  during near-midnight hours ,  and s h i f t  again toward t h e  nor thern  

horizon with t h e  onse t  of t h e  morning. 

S imi la r  methods [20] f o r  t h e  c a l c u l a t i o n  of t h e  s h i f t  i n  l a t i t u d e  of t h e  

glow zone w e r e  used i n  t h e  evaluat ion of observat ions during t h e  y e a r s  of 

minimum s o l a r  a c t i v i t y .  Figure 6 shows t h e  obtained r e s u l t s .  Local midnight is 

i n d i c a t e d  by an  arrow. With decreasing l a t i t u d e  of t h e  observa t ion  s t a t i o n ,  

80 




@;e 

74I-

C 

67 

9 11 13 15 17 19 21 23UT 

Figure 6 .  Diurnal  s h i f t  of t h e  aurora  
area along t h e  meridian during t h e  IQSY 
a t  s t a t i o n s :  

a - Cape Chelyuskin; b - Dixon; 
c - T i k s i  Bay;d - Verkhoyansk 

t h e  amplitude of t h e  computed d i u r n a l  

s h i f t s  becomes smaller .  An analogous 

e f f e c t  w a s  a l s o  noted f o r  t h e  I G Y  [20], 

caused presumably by t h e  d a t a  eva lua t ion  

methods. 

A t  southern s t a t i o n s ,  a u r o r a l  

d i s p l a y s  are observed predominantly 

i n  t h e  nor thern  ha l f  of t h e  firmament. /56 
They r a r e l y  pass  through t h e  z e n i t h  and 

through t h e  southern h a l f .  Inasmuch as 

t h e  absence of aurora  i s  n o t  taken 

i n t o  account i n  t h e  c a l c u l a t i o n s ,  t h i s  

s u b s t a n t i a l l y  decreases t h e  d i u r n a l  

d r i f t  amplitude. A s  a r e s u l t ,  t h e  

computed p o s i t i o n  of t h e  aurora  band a t  

southern s t a t i o n s  p r a c t i c a l l y  does not  

change. An analogous circumstance was 

noted i n  [19], where t h e  methods, 

suggested i n  [17], w e r e  used t o  explore  t h e  d i u r n a l  meridional movements. 

The movement of aurora  along t h e  meridian a t  Cape Chelyulskin,  Dixon and 

TiksiBay corresponds t o  t h e  s h i f t  which can b e  expected on t h e  b a s i s  of t h e  

ova l  zone concept. Maximum d i s t a n c e  from t h e  p o l e  is  observed during near-

midnight hours;  during morning and evening hours,  t h e  glow zo.ne s h i f t s  toward 

t h e  pole.  A t  about midnight,  t h e  computed @' values  f o r  Cape Chelyuskin turned 

out  t o  b e  less than  t h e  geomagnetic l a t i t u d e  of t h e  s t a t i o n ,  whereas f o r  Dixon 

these  va lues  w e r e  higher .  The reason f o r  t h a t ,  as w e  pointed o u t ,  i s  t h a t  

during near-midnight hours  aurora  a t  Cape Chelyuskin appeared predominantly 

toward t h e  south,  whereas a t  Dixon they appeared toward t h e  north.  During 

t h e  IGY, aurora  a t  Dixon w e r e  more f r e q u e n t l y  passing i n t o  t h e  southern h a l f  

of t h e  firmament during near-midnight hours.  I n  v e i w  of t h i s ,  it w a s  

reported [20] t h a t  during t h e s e  hours t h e  g lowaurora  zone w a s  on t h e  average 

somewhat south of t h e  s t a t i o n .  
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Figure 7. Var ia t ions  of t h e  o r i e n t a t i o n  of e longated a u r o r a l  forms i n  years  of 
minimum s o l a r  a c t i v i t y  cycle .  

Azimuths w e r e  c a l c u l a t e d  east of t h e  geomagnetic. po le ,  taking 
i n t o  account c o r r e c t i o n s  f o r  non-dipole terms. Local geomagnetic 
t i m e  w a s  used. The number of measured azimuths f o r  each hour, 
from which t h e  mean w a s  determined, i s  shown i n  t h e  upper and 
lower p o r t i o n s  of t h e  graph. The mean square  d e v i a t i o n  i s  de
noted by a ver t ical  l i n e .  

Due t o  an  e r r o r  i n  camera o r i e n t a t i o n ,  t h e  azimuths i n  Figure 
7 f o r  Cape Zhelaniya must b e  increased by 20' 

Thus., analyzing d i u r n a l  s h i f t s  of aurora ,  we f i n d  a c l e a r l y  pronounced, 

s m a l l  c y c l i c  s h i f t  of t h e  aurora  zone. A t  T i k s i  Bay, aur0r.a during the  IGY /57 

as w e l l  as during t h e  IQSY w e r e  loca ted  predominantly i n  t h e  nor thern  ha l f  of 

t h e  firmament. This  is  an a d d i t i o n a l  confirmation of t h e  s m a l l  c y c l i c  s h i f t  

of t h e  ova l  zone on t h e  n i g h t  s i d e  of t h e  Earth.  

As during t h e  IGY, azimuths of elongated aurora  are s u b j e c t  t o  n o t i c e a b l e  

d i u r n a l  v a r i a t i o n s .  F igure  7 shows v a r i a t i o n s  of azimuths,  c a l c u l a t e d  east 'of 
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t h e  geomagnetic pole ,  t ak ing  i n t o  account t h e  co r rec t ion  f o r  non-dipole terms 

[21, 121, and wi th  re ference  t o  l o c a l  geomagnetic t i m e .  Observation d a t a  col

l e c t e d  a t  s t a t i o n s  Cape Zhelaniya and Wrangel I s l and  i n  1964 - 1965 were used. 

The method of azimuth determinat ion of elongated a u r o r a l  d i sp l ays  w a s  similar' 

t o  the  one used i n  [221. 

The c h a r a c t e r i s t i c s  of d i u r n a l  v a r i a t i o n s  of azimuths i n  years  of minimum 

s o l a r  a c t i v i t y  cyc les  are analogous t o  those  descr ibed i n  [21 - 231 during t h e  

yea r s  of maximum a c t i v i t y .  Natura l ly ,  t h i s  can be explained by t h e  d i f f e r e n t  

p o s i t i o n s  of t h e  observat ion s t a t i o n  with r e spec t  t o  t h e  ova l  au ro ra l  zone dur

ing  t h e  d i u r n a l  per iod.  

On Wrangel I s l and ,  t h e  azimuths decrease monotonically from evening hours 

toward t h e  morning hours,  amounting t o  approximately 90' a t  midnight. This  

means t h a t  elongated aurora  innear -midnight  hours are loca ted  along t h e  l i n e  

L = constant .  I n  morning and evening hours,  t h e  azimuths d i f f e r  from 90° ,  

t ak ing  on t h e  va lues  of under 90 and over go", respec t ive ly ,wi th  re ference  t o  

t h e  d i r e c t i o n  toward t h e  pole.  Using t h e  da t a  of t h i s  s t a t i o n ,  it w a s  impossible 

t o  determine how t h e  azimuths re turned  t o  t h e i r  i n i t i a l  va lues ,  i.e., whether 

by a leap ,  according t o  the  AlfvGn theory,  o r  by a smooth gain.  The reason 

f o r  t h a t  w a s  t h a t  the  da t a  of t h i s  s t a t i o n d i d n o t  inc lude  observat ions 

between gh and 8h . 

S i m i l a r  d i f f i c u l t i e s  were encountered earlier during t h e  eva lua t ion  of 

observat ions a t  Dixon I s l and  [24] and TiksiBay [25]. A t  Cape Zhelaniya,  which 

is  a t  a h igher  l a t i t i d u e ,  t h e  amplitude of d i u r n a l  v a r i a t i o n s  of t h e  azimuth 

inc reases  by more than t h e  f a c t o r  of two, amounting t o  approximately 70". 

It w a s  pointed out  [21, 221, t h a t  t he  inc rease  of t h e  amplitude of v a r i a t i o n s  as 

t h e  po le  is approached a t , t h e s e  l a t i t u d e s  Is a pecu l i a r  c h a r a c t e r i s t i c  of t h e  

IGY period.  Despite t h e  r e l a t i v e l y  s m a l l  amount of d a t a  f o r  morning hours  a t  

.Cape Zhelaniya,  w e  can d e f i n i t e l y  assert t h a t  t h e  azimuths inc rease ,  s t a r t i n g  

a t  4h . Thei r  growth is  not  abrupt  a t  a given moment, bu t  gradual .  This  n a t u r e  

of d i u r n a l  v a r i a t i o n s  a t  @' % 71" is analogous t o  t h e  p a t t e r n  descr ibed i n  1221 

f o r  t h e  IGY period. It is  a l s o  i n  b e t t e r  agreement with t h e  concept of t h e  
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position of elongated auroral shapes along the oval zone, rather than along the 

zone which would follow from the Alfvgn theory. 

The S-180 camera network of the Soviet Union during the IQSY was operating 

under the direction of Prof. A. I. Lebedinskiy. 
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THE RATIO OF 1N G O ~AND 1 P G N ~EMISSIONS AS A FUNCTION 

OF AURORAL HEIGHT 

V. K. Roldugin 

ABSTRACT. The change of r a t i o  of 1NGO+ emissions,  
r e g i s t e r d  by scanning photometer, t o  1 P a 2  gas t h e  same 
form, depending on t h e  he ight  of aurora ,  as the  change of 
concent ra t ion  r a t i o  N ( O  2) t o  N(N2) i n  t he  atmosphere. 

On 2 - 3 March 1965, s c i e n t i s t s  of t h e  Polar  Geophysical I n s t i t u t e  7I59 

performed 'a determinat ion of he ights  of t h e  lower edge of aurora  a t  t h e  Lopar

skaya and Murmansk S t a t i o n s  [l]. I n  t h e  same plane i n  which t h e  he igh t s  were 
determined, t h e  "sect ions"  of t h e  sky w e r e  scanned by a scanning photometer 

with automatic replacement of f i l t e r s .  The scanning time from one horizon t o-I'--another  i n  one f i l t e r  w a s  8 seconds; t h e  

a3 

41 

-
Ba- Ti- '  120 i o  ' IiO ' do ' 2;7Dh,m 

+The r a t i o  of i n t e n s i t i e s  1NGO2/1  PGN2 
i n  a r b i t r a r y  u n i t s  ( c i r c l e s ) ,  and t h e  
r a t i o  of concent ra t ions  02/N2 (curve) 
as a func t ion  of t h e  he ight  of t h e  lower 
edge of t h e  aurora .  

angle  of view of t h e  photometer w a s  3'. 

Among t h e  f i l t e r s  used w e r e  two i n t e r 

fe rence  f i l ters  centered  a t  5,300 and 
0 0 

5,900 A with a width of about 150 A 

[2]  f o r  ha l f  of t h e  m a x i m u m  pass  band. 

The 	 aurora zones of t h e  sky i n  those 

f i l t e r s  e s s e n t i a l l y  coincided wi th  t h e  
0 

aurora zonesof emissions 4278and 5577A. 

Roughly, t h e  i n t e n s i t i e s  can be esti
0 

mated a t  5 kreZ i n  t h e  5300 A f i l t e r ,  
0 

and a t  3 :KreZ i n  t h e  5900 A f i l t e r .  

On ' the  o the r  hand, t h e  i n t e n s i t y  of 
0 

5577 A w a s  of t h e  o rde r  of 15 b e t .  
Thus, i t  can be pos tu la ted  t h a t  t h e  

i n t e n s i t y ,  r e g i s t e r e d  by t h e  photometer 
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i n  t hese  f i l t e r s ,  w a s  no t  caused by a s o l i d  continuum and N a y  bu t  r a t h e r  by+
5200 N I ,  522281 NGN2, 1NGO; i n  f i l t e r  5300 , and by 1PGN2 i n  f i l t e r  

0 

5900 A. A spectrum, photographed by S. A. Zaytseva using photometer SP-48 
0 0 0 

i n  t he  5300 A region, revealed only t h e  l i n e  5200 A and d id  no t  show 5228 A. 

The i n t e n s i t y  of 5200 N I  i s  one o rde r  of nagni tude weaker than  t h a t  of 1NGO+ 
2 

[3] ;  moreover, i t  is  i n  t h e  decay region of t h e  t ransmiss ion  band of t h e  f i l t e r .  

Thus, i ts  con t r ibu t ion  t o  t h e  o v e r a l l  s i g n a l  may be neglected.  

+
The r a t i o  of t h e  i n t e n s i t i e s  1N G 0 2 / 1  PGN2 wi th  r e fe rence  t o  t h e  a u r o r a l  

he ight  is shown by circles on t h e  diagram above. Readings w e r e  taken a t  he igh t s  

corresponding t o  t h e  maximum i n t e n s i t y .  In  v i e w  of t h e  approximation.  of t h e  

absolu te  value,  r e l a t i v e  va lues  w e r e  used. It is  apparent  t h a t  t h e  r a t i o  

decreases  wi th  increas ing  he ight  of t he  lower a u r o r a l  edge. 

The s o l i d  curve on t h e  same diagram shows t h e  r a t i o  of concent ra t ions  /60 
2 2  as a func t ion  of he igh t ,  taken from [4] .  It is apparent  t h a t  i t s  a l t i t u d 0 /N +


i n a l  p a t t e r n  is  analogous t o  t h e  a l t i t u d i n a l  p a t t e r n  of 1NG02/ 1PGN2. The 


r e s u l t s  i n d i c a t e  t h a t  both emissions are exc i t ed  i n  a similar manner. It fol lows 


t h a t  t h e i r  r a t i o  can be used t o  es t imate  t h e  a u r o r a l  he ight .  
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IONOSPHERIC PROCESSES ASSOCIATED WITH AURORAL 
HEIGHT VARIATIONS 

P. Ya .  Sukhoivanenko 

ABSTRACT. The paper makes a comparison of t h e  he igh t  
of aurora  during several hours i n  March 1965 wi th  t h e  i n t e n s i t y  
of emission A 4278 A, rad io  wave absorp t ion  a t  a frequency of 
32 Mhz and Ear th  cu r ren t  pu l sa t ions .  

I n  March 1965, t h e  Po la r  Geophysical I n s t i t u t e  conducted a program involv- 161 
ing  a r ap id  determinat ion of a u r o r a l  height  by t r i a n g u l a t i o n  methods [l]. 

Observation s t a t i o n s  w e r e  loca ted  i n  Murmansk, and i n  Loparskaya, 37 lan 
south of Murmansk. The observa t ions  w e r e  performed with t h e o d o l i t e s  equipped 

with s i g h t i n g  devices;  observers  w e r e  i n  radio-telephone communication with 

each o the r .  The v i s u a l  observat ions of he igh t s  w e r e  supplemented and con t ro l l ed  

by photographic observat ions.  A s  a r u l e ,  t h e  d iscrepancies  f o r  a given a u r o r a l  

shape, observed by both methods a t  t h e  same phys ica l  moment of time, w e r e  wi th in  

t h e  limits of 0 t o  10 km. 

The o b j e c t i v e  of t h i s  s tudy w a s  t o  i n v e s t i g a t e  t h e  he ight  v a r i a t i o n  of a 

given a u r o r a l  shape during t h e  observat ion time per iod ,  and t o  compare t h e  f ind

ings  with o the r  geophysical  phenomena. The auroras  w e r e  observed by a scanning 
0 +

photometer i n  t h e  h = 4278 A (1NGN2) emission. The ha l f  width of t h e  l i g h t  
0 

f f l t e r  pass  band w a s  1 2 0  A. The f i e l d  of view of t h e  photometer amounted t o  a 

3" s o l i d  angle.  The scanning time of the  sky from t h e  nor thern  horizon 

(toward Murmansk) t o  t h e  southern horizon w a s  e i g h t  seconds. The l i g h t  f i l t e r  

per iod of r o t a t i o n  amounted t o  about two minutes ( t h e  photometer w a s  equipped 
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with f i v e  f i l t e r s ) .  I n  addi t ion ,  d a t a  obtained by t h e  magnetic observatory 

a n d r h e o m e t r i c s t u d i e s  from t h e  Loparskaya S t a t i o n  w e r e  used, as w e l l  as Ear th  

c u r r e n t s  d a t a  from t h e  Lovozero S ta t ion .  

As i n d i c a t e d  on Figure 1 [2],  t h e  decrease of he ight  of the lower a u r o r a l  

edge during t h e  n i g h t  of 2 - 3 March 1965 w a s  accompanied by a br ightness  g a i n  
0 

a t  t h e  emission A = 4287 A and by a growth of t h e  ionospheric  absorp t ion  of 

r a d i o  waves a t  the 32 M c  frequency. Short-period v a r i a t i o n s  of t h e  geomagnetic 

f i e l d  of t h e  Ear th  of t h e  type Pi2 + Pcl  appear during per iods  of increased 

i n t e n s i t y  of a u r o r a l  glow a t  h e i g h t s  under 100 km. This  glow is accompanied 

by ionospheric  absorp t ion  of r a d i o  waves a t  t h e  32 M c  frequency, i f  t h e  aurora ,  

observed a t  such h e i g h t ,  are wi th in  the  d i r e c t i o n a l  diagram of therheometer. 

The i n v e s t i g a t e d  time i n t e r v a l  coincides  with t h e  t r a n s i t i o n  through zero 

(Figure 2) of t h e  H-component of t h e  magnetic d i s turbance  f i e l d .  Thus, even 

i n  presence of  b r i g h t  a u r o r a l  d i s p l a y s  (up t o  t h e  f o r c e  of 4 on t h e  i n t e r n a t i o n a l  

s c a l e ) ,  t h e  a b s o l u t e  devia t ions  of t h e  H-component from t h e  non-disturbed level 

are r e l a t i v e l y  s m a l l .  However, during moments when t h e  lower a u r o r a l  edge 

decended t o  he ights  below t h e  100 km level, t h e  recording showed b r i e f  ( 2  - 3 /62 
minutes) f l a r e s  amounting t o  t e n s  of gammas: 

T ime  . . . . . .1ghUm 18h48m 19”2”‘ 10t112m 
h, km . . . . .  .82 86 90 100 
AH, y . . . . .  .80 70 45 60 

N o  less t y p i c a l  is  t h e  r e l a t i o n s h i p  between t h e  ionospheric  absorp t ion  

level and t h e  e l e c t r o n  energ ies  causing a u r o r a l  d i s p l a y s ,  e s p e c i a l l y  i f  w e  

bear i n  mind t h a t  t h e  h e i g h t  of t h e  lower a u r o r a l  edge w a s  determined wi th in  

an accuracy of 10 km. Radial  a u r o r a l  forms, as a r u l e ,  d i d  not  f i l l  ou t  t h e  

e n t i r e  d i r e c t i o n a l  diagram of therheometer. Thus, one would have t o  expect a 

q u a l i t a t i v e  c o r r e l a t i o n  of t h e  graphs i n  (Figures l b  and c)  r a t h e r  than  a 

q u a n t i t i v e  c o r r e l a t i o n .  This  w a s  confirmed by experimental  d a t a .  
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Figure 1. Var ia t ions  of t h e  lower a u r o r a l  
edge i n  t i m e  (a) and of t h e  monochromatic 
l i g h t  f l u x  ( i n  relagive u n i t s )  of t h e  
emission X = 4278 A (b) ;  t h e  c a l c u l a t i o n  
w a s  performed from t h e  lower a u r o r a l  
edge whose h e i g h t  above t h e  re ference  
s u r f a c e  of t h e  Ear th  w a s  determined a t  
t h e  given moment; t h e  appearance of 
p u l s a t i o n s  of t h e  type P i2  i-Pcl  (c) ; 
absorp t ion  of cosmic n o i s e  a t  a frequency 
of 32 M c  (d) ;  t h e  d i r e c t i o n a l  diagram 
of t h e  rheometer i s  o r i e n t e d  a t  t h e  North 
star. The width of t h e  d i r e c t i o n a l  
diagram f o r  h a l f  of t h e  power i s  60’ 
along t h e  meridian and 50’ along t h e  
p a r a l l e l ;  temporal p a t t e r n  o f ‘ t h e  energy 
of e l e c t r o n s  capable of reaching a u r o r a l  
h e i g h t s  (e). 

H,Y 
200 ’ 

-150 -
loo 

200 -

Figure 2. Var ia t ions  of t h e  h o r i z o n t a l  
component of t h e  geomagnetic f i e l d  during 
t h e  n i g h t s  of 2 - 3 March 1965. 
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Actually,  on 2 March 1965 a t  18h 54m and 18h 58m, au ro ra  reached h e i g h t s  

of 86 lan; however, they  w e r e  accompanied by a weak absorption. A t  t hese  he igh t s ,  

they e x i s t e d  f o r  a s h o r t  time only. Hence, it can be  assumed [3]  t h a t  t h e  

v a r i a t i o n  of t h e  ionospher ic  absorp t ion  during f l a r e s  of r a d i a l  a u r o r a l  forms 

is  as soc ia t ed  no t  only wi th  t h e  i n t e n s i t y  v a r i a t i o n  of t h e  corpuscular  stream, 

bu t  also with  t h e  v a r i a t i o n  of t h e  energy of e l e c t r o n s  which p e n e t r a t e  i n t o  

t h e  upper atmosphere of t h e  Earth.  

Between 18h 38m and 18h 46m, a u r o r a l  d i sp l ays  w e r e  beyond t h e  d i r e c t i o n a l  

diagram of therheometer. Na tu ra l ly ,  f o r  t h i s  per iod  of t i m e  t h e r e  i s  no 

c o r r e l a t i o n  between t h e  aurora  he igh t  and t h e  absorp t ion  of r a d i o  waves. 

From 19h 18m on, t h e  aurora  became d i f fused  and b lur red .  From t h i s  po in t  on, 

i t  became impossible t o  determine i t s  he ight .  However, r ad io  wave absorp t ion  

continued t o  inc rease  up t o  l g h  24m and slowly diminished only a f t e r  t h a t  

moment. The recording of t h e  H-component f o r  t h i s  t i m e  shows a l a r g e  nega t ive  /63 
bay of about 200Y (Figure 2) .  Considerable absorp t ion  a f t e r  l g h  18m apparent ly  

can be explained by t h e  i o n i z a t i o n  i n  t h e  cu r ren t  l a y e r  which a t  t h a t  time w a s  

s t i l l  s u f f i c i e n t l y  high; a u r o r a l  glow occupied a l a r g e  area i n  t h e  sky and 

adequately f i l l e d  t h e  d i r e c t i o n a l  diagram of therheometer. 

According t o  t h e  d a t a  of t h e  survey camera C-180-S i n  Murmansk, t h e r e  w a s  

no hydrogen emission H a  i n  t h e  a u r o r a l  d i sp l ay  during t h e  given period of 

time. Typical  f o r  t h e  au ro ra  w a s  t h e  presence i n  t h e  spectrum of t h e  f i r s t  

p o s i t i v e  system 1 PGN2. I n  its t o t a l  i n t e n s i t y ,  t h i s  system exceeded t h e  emission 
O 

X 4278 A. The i n t e n s e  glow l e a d s  t o  t h e  assumption t h a t  i t  may be  exc i t ed  by 

e l e c t r o n s .  

I f  we  i n t e r p r e t  a u r o r a l  glows a t  he igh t s  of under 100 lan as the pene t r a t ion  

of e l e c t r o n s  i n t o  t h e  E a r t h ' s  atmosphere wi th  ene rg ie s  of over 10 keV (we w i l l  

r e f e r  t o  them as "hard e lec t rons")  [3] ,  then it would appear t o  fo l low t h a t  t h e  

i n t r u s i o n  of such e l e c t r o n s  t akes  p l a c e  over a s h o r t  per iod  of time (no more 

than  s e v e r a l  minutes). The d a t a  used i n  [l] suggest t h a t  a u r o r a l  d i sp l ays  

have a quas i -per iodic  n a t u r e  with per iods  of t h r e e  t o  seven minutes. For a 

c e r t a i n  time, a u r o r a l  d i s p l a y s  glow only a t  he igh t s  over 100 lan above sea l e u e l .  
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Consequently, t h e  E a r t h ' s  atmosphere i s  penet ra ted  by e l e c t r o n s  with energ ies  

of under 10 keV (or  s o f t  e l e c t r o n s ) .  

Radial  arcs are less than 30 km i n  he ight  [ 4 ] .  Therefore,  we could s t ipu

la te  t h a t ,  regard less  of t h e  he ight  of t h e  lower a u r o r a l  edge, during the en t i r e  

ex is tence  of t h e  a u r o r a l  d i s p l a y  t h e  glow takes  p l a c e  a t  h e i g h t s  of over 100 km. 

During t h e  e n t i r e  ex is tence  of aurora ,  t h e  E a r t h ' s  atmosphere is penet ra ted  by 

s o f t  e lec t rons .  

Since n o t  enough he ight  measurements w e r e  performed i n  [l],these 

conclusions must b e  considered as prel iminary.  

The author  is extremely g r a t e f u l  t o  M. I. Pudovkin f o r  t h e  meaningful 

d i scuss ions  during t h e  prepara t ion  of t h i s  study. 
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THE EFFECT OF QUASIRHYTHMICITY I N  GEOMAGNETIC 
AND AERONOMIC PHENOMENA 

G. P. T s i r s  

ABSTRACT. Bursts  of ultra-low frequency emissions,  b u r s t s  
of some geomagnetic dis t rubances,  b u r s t s  of a u r o r a l  absorpt ion 
and b u r s t s  of ul t ra-high frequency f i e l d ,  observed with t h e  
rheometer, o f t e n  form successions (quasirhythmoids),  s o  t h a t  t h e  
g r e a t e s t  r a t i o  of t h e  neighboring t i  i n t e r v a l s  between t h e  com
mencements of b u r s t s  i s  wi th in  1.00 - 1.12, o r  1.38 - 1.74. 
The paper b r i e f l y  d iscusses  t h e  problem of t h e  phys ica l  meaning 
of t h i s  empir ica l  e f f e c t .  

I n  t h i s  s tudy,  w e  analyze t h e  t i m e  d i s t r i b u t i o n  of t h e  beginnings of 

s i g n i f i c a n t  i n t e n s i t y  increments with re ference  t o  t h e  following phenomena: 
/64 


1)  very low frequency emissions (VLFE) a t  725 Hz; 

2) magnetic f i e l d  pulsa t ions  with quasiper iods from 20 t o  600 seconds; 

3) storm-type v a r i a t i o n s  of t h e  magnetic f i e l d ;  

4 )  a u r o r a l  absorpt ion of cosmic n o i s e  a t  32 MHz; 

5) very high frequency f i e l d  (VHF) a t  32 MHz, observedrheometrically.  

The s tudy is  e s s e n t i a l l y  based on observat ions performed i n  September and 

October,1965, a t  t h e  Loparskaya and Lovozero s t a t i o n s  (recordings of magnetic 

f i e l d  p u l s a t i o n s ) ,  as w e l l  as on some l i t e r a t u r e  da ta .  

CJn a continuous t r a c e ,  increments of i n t e n s i t y  f requent ly  form s i n g l e  b u r s t s ;  

t h c , i r  beginnings can be o b j e c t i v e l y  and p r e c i s e l y  s t u d i e d ,  e s p e c i a l l y  i f  t h e  

l a r g e r  b u r s t s  have a s t e e p  forward f r o n t .  I f  t h e  forward f r o n t  i s  not  s t e e p ,  

t h e  beginning of t h e  b u r s t  i s  determined by t h e  moment of i t s  i n t e r s e c t i o n  with 

t h e  envelope of i n s i g n i f i c a n t  (random) o s c i l l a t i o n s .  I n  t h i s  manner, t h e  length  
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of the  t i m e  i n t e r v a l  between t h e  beginnings of success ive  b u r s t s ,  known as the  

tact  i n t e r v a l  ( T I ) ,  can be  determined. 

Obviously, t h i s  s tudy  relates t o  t h e  explora t ion  of t h e  r e c i p r o c a l  r e l a t ion 

sh ip  of consecut ive T I  o r ,  i n  o the r  words, t he  r e c i p r o c a l  r e l a t i o n s h i p  of t h e  

b u r s t s  with a v i e w  t o  t h e  a f t e r e f f e c t  of these  phenomena. It i s  easy t o  

understand t h a t  i n  s t a t i s t i c a l  l a w s ,  e .g. ,  t h e  d i s t r i b u t i o n  of  t h e  T1,must be  

a s soc ia t ed  wi th  t h e  observed dynamic e f f e c t s  o r  l a w s ,  e .g . ,  wi th  the  p e r i o d i c i t y  

of t h e  phenomena, with t h e  shape of t h e  b u r s t s ,  with the  na tu re  of t h e i r  
a s s o c i a t i o n s  , e t  c. 

Qua-s&rh=hmid? of VLFE Burs t s  

According t o  some s t u d i e s  [l - 51,  VLFE'l) a t  700 & 100 Hz form a c e r t a i n  

maximum i n  the  spectrum. It w a s  a l s o  pointed out [ l  - 31,  t h a t  they are as

soc ia t ed  wi th  t h e  micropulsat ions of t h e  magnetic f i e l d  and wi th  t h e  a u r o r a l  

absorp t ion  [ 3 ] .  Moreover, t hese  frequencies  are empir ica l ly  i d e n t i c a l  t o  

proton gyrofrequencies  i n  t h e  ionosphere up t o  a he ight  of approximately 1,000 

km [l, 2 ,  3 ,  51 .  However, t h e r e  e x i s t  t h e o r e t i c a l  d i f f i c u l t i e s  involving 

the  explanat ion of t h e  discharge of cyc lo t ron  emissions of protons from the  

region of t he  normal Doppler e f f e c t  [ 3 ,  5 1 ,  o r  i t s  narrow band i n  t h e  region 

of t h e  anomalous Doppler e f f e c t  [ 5 ] .  M c  A r t h u r ,  Murcray e t  a l . ,  [ 6 ,  7 1 ,  

assumed, and Murcray and Pope [8]  considered the  e x c i t a t i o n  of chorus-type /65 
VLFE bylow- and medium-energy protons ( a u r o r a l  protons)  i n  the  region of t h e  

anomalous Doppler e f f e c t .  Notably, choruses c o r r e l a t e  p o s i t i v e l y  with magnetic 

a c t i v i t y  indexes [ 9 ,  l o ] .  Moreover, they are a c t i v e  a f t e r  nega t ive  bays [ 9 ] ,  

and are c lose ly  r e l a t e d  wi th  moderate absorp t ion  [ l l ,  121, e s p e c i a l l y  during 

morning hours  [12]. However, t h e r e  i s  a negat ive  c o r r e l a t i o n  with p o l a r  aurora  

a c t i v i t y  [ll]. I n  [13], chorus-type resonances of up t o  1500 Hz are r e f e r r e d  

t o  as "polar  chorus". 

( 1 )  -Rather  t han  using t h e  t e r m  "very l o w  frequency' '  (VLF), w e  are 
employing a more concise  d e f i n i t i o n :  "Very low frequency emissions" 
("1 Y [ = I .  
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I n  [8], the r e l a t i o n s h i p  of t h e  observed proton emission frequency during 

its approach t o  Ear th  w a s  computed with r e s p e c t  t o  t i m e ,  recorded from t h e  

beginning of t h e  recept ion  f o r  t h e  range of r a d i a l  v e l o c i t i e s  of 500 - 3000 km/ 

sec. Notably, t h e  recept ion  begins  a t  a frequency of 500 Hz. I n  t i m e ,  t h e  

frequency ga ins  s o  t h a t  t h e  recept ion  length  i n  t h e  cons tan t  band A f  decreases  

wi th  t h e  ga in  of f .  This i n d i c a t e s  t h a t  t h e  maximum of t h e  spectrum of 

average i n t e n s i t y  i s  s h i f t e d  t o  500 Hz. The l a t t e r  is  caused by t h e  s e l e c t i v e  

d i s t r i b u t i o n  of t h e  N/f 
P 

parameter i n  h e i g h t ,  where N i s  t h e  e l e c t r o n  d e n s i t y ,  

and f is t h e  proton gyrofrequency.
P 

The observed r a d i a t i o n  a t  f = 750 Hz may produce protons with a v e l o c i t y  

of 10 km/sec a t  a . h e i g h t  of two Ear th ' s  r a d i i ,  where t h e  gyrofrequency f < 100
P 

Hz [8].  The smaller t h e  r a d i a l  v e l o c i t y ,  t h e  h igher  is  t h e  recept ion  t i m e  of 

t h e  emission i n  t h e  range of lower f requencies .  When t h e  region of mir ror  

p o i n t s  i s  reached, t h e  combination of a s m a l l  r a d i a l  v e l o c i t y  wi th  l a r g e  

pi tch-angles  does not  y i e l d  e f f e c t i v e  r a d i a t i o n  across  t h e  magnetic f i e l d  [8]. 

The protons reach t h e  mir ror  p o i n t s  region with a g r e a t e r  v e l o c i t y ;  

however, t h e i r  emission i s  more i n t e n s i v e .  For t h i s  reason,  one can expect a 	 / 6 6
c

broader  band of observed r a d i a t i o n .  

The recept ion  of VLFE a t  t h e  Loparskaya S t a t i o n  w a s  performed with a 

ver t ical  frame (he ight  10m) loca ted  i n  t h e  p lane  of t h e  geomagnetic meridian. 

The amplif ied and de tec ted  s i g n a l s  were averaged and recorded on an automatic 

recorder  with a paper v e l o c i t y  of 60 mm/hr. Even though t h e  i n t e g r a t i o n  by 

an RC-circuit with a t i m e  constant  of 20 seconds does s t r o n g l y  suppress  t h e  

r e g i s t r a t i o n  of d i s c r e t e  s i g n a l s ,  i t  appears ,  judging from t h e  osci l lograms,  

t h a t  VLFE of about 725 Hz more l i k e l y  c o n s i s t  of a mul t i tude  o f  d i s c r e t e  

s i g n a l s ,  r a t h e r  than a continuous noise .  For t h e  average b u r s t  i n  October, 

t h e  s p e c t r a l  f l u x  i n t e n s i t y  w a s  extimated a t  3 x W/m 2 'Hz, which is i n  

agreement wi th  a number of estimates [ 4 ,  14,  15,  161. 

A v i s u a l  a n a l y s i s  of t h e  r e c i p r o c a l  d i s t r i b u t i o n  of i n d i v i d u a l  b u r s t s  

i n  t i m e ,  wi th  a c h a r a c t e r i s t i c  dura t ion  of 10 - 20 minutes,  f requent ly  
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i d e n t i c a l  i n  shape, revealed t h a t  t h e i r  sequences appear q u i t e  f requent ly .  

These sequences are a t  t h e  beginning of t h e  b u r s t s ,  loca ted  a t  almost equal 

i n t e r v a l s  (Figure 1, curves f o r  8 and 9 Ju ly) .  This  "per iodic i ty"  is o f t e n  

d is rupted ,  while  t h e  type of b u r s t s  remains unchanged. Frequently,  t h e  

appearance of a s e q u e n t i a l  b u r s t  is acce lera ted  o r  re ta rded  i n  a c e r t a i n  

r e l a t i o n s h i p .  This  l e d  us t o  the  formulation of t h e  following e f f e c t  of 

quasirhythmici ty .  

S u b s t a n t i a l  b u r s t s  are s t a t i s t i c a l l y  r e l a t e d  i n  such a manner t h a t  , when 

t h e  p r o b a b i l i t y  i s  g r e a t e r  than with an exponent ia l  d i s t r i b u t i o n  of T I ,  

sequences between t h e  beginnings of t h e  forward f r o n t s  of b u r s t s  can be 

d is t inguished ,  out of t h r e e  o r  more b u r s t s  with t h e  l a r g e s t  r a t i o  of t h e  

adjacent  T I  wi th in  t h e  l i m i t s  of 1.00 - 1.2 ,  o r  1.38 - 1.74. Such a sequence 

s h a l l  b e  subsequently r e f e r r e d  t o  as a quasirhythmoid (QR). Three types of 

two-interval QR w e r e  d i s t inguished:  

1) Adjacent T I  are approximately equal ;  

2) 	 The subsequent T I  i s  approximately smaller than t h e  preceding 
T I  by t h e  f a c t o r  of 1.5', 

3) 	 The subsequent T I  is  l a r g e r  than t h e  preceding T I  by t h e  f a c t o r  
of 1 .5  on t h e  average. 

W e  w i l l  demonstrate t h a t  such T I  f requent ly  appear i n  numerous geomagnetic 

and aeronomic phenomena. Figures 1 and 2 (quoted from [16]) show specimen 

QR of VLFE. It is of i n t e r e s t  t h a t  sometimes a VLFE "storm" can be represented 

by a superpos i t ion  of overlapping QR, whose b u r s t s  a r e  determined from t h e i r  

shape, dura t ion ,  etc.,  as shown on Figure 3. Analyzing VLFE recordings -I67 

taken over  a 25-day per iod  i n  October,1965, and measuring t h e  T I ,  w e  separa ted  

101 dual - in te rva l  QR, containing a t o t a l  of 140  T I .  Of a l l  t h e s e  QR's, 50% 

w e r e  QR's of type I ,  30% of type 11, and 20% of type 111. The averages of 

t h e  r a t i o s  of success ive  QR's w e r e  1.04, 1.56 and 1.55, respec t ive ly .  Since 

t h e  c h a r a c t e r i s t i c  dura t ion  of a b u r s t  w a s  10 - 1 5  minutes, and no QR w a s  d i s 

t inguished when the  l e n g t h  of s i g n i f i c a n t  excesses  exceeded 25 minutes, it 

could be assumed t h a t  t h e  T I  d i s t r i b u t i o n  would have a maximum a t  1 5  - 25 

minutes. However, t h e  p r i n c i p a l  maximum is a t  30 - 40 minutes (Figure 4 ) .  
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Kiruna  

very  low frequency emissions 
a t  725 Hz. Bold vertical  l i n e s  

. 	 denote t h e  beginnings of t h e  
b u r s t s ;  t h e  numerals between 
them denote  t h e  dura t ions  of t h e  
i n t e r v a l s  ( i n  minutes) ; t h i n  

Y 	 dashed l i n e s  are t h e  t i m e  traces; 
t h e  numerals next  t o  them denote- t h e  LMT (30" E) 

Figure 2. A QR of VLFE at  8 KHz 
[ 6 ] ,  recorded on 14 February 
1964. Notat ion same as i n  
Figure 1. 

Figure 3. Superposi t ion of quasirhythmoids during a VLFE 
storm on 13 November 1965. The beginnings of t h e  b u r s t s  
of t h e  second QR a r e  denoted by bold broken l i n e s ;  t h e  
remaining n o t a t i o n s  are t h e  same as i n  Figure 1. 
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Figure 4. The d i s t r i b u t i o n  of tact i n t e r v a l s  of i s o l a t e d  
VLFE quasirhythmoids. 

Thus, one could assume t h e  e x i s t e n c e  of a mode of T I  QR's of t h e  order  of 

30 - 40 minutes. 

QuasirhythmoidsC_"of. - -Magnetic F i e l d__ .- . P u l s a t i o n  Bursts  

QR of p u l s a t i o n  b u r s t s  w e r e  separa ted  from magnetograms with a v e l o c i t y  

of 90 m/hr. A c l a s s i f i c a t i o n  of t h e  p u l s a t i o n s  w i t h i n  t h e  b u r s t s  w a s  n o t  taken 

i n t o  account. The commencements of t h e  b u r s t s  w e r e  determined from t h e  b u r s t  

of t h e  envelope, and from t h e  moment of t h e  change i n  t h e  o s c i l l a t i o n s  a t  

t h e  commencement of t h e  b u r s t .  Some a c t i v i t y  w a s  noted somewhat earlier 

than t h e  beginning. A t y p i c a l  QR, which developed during t h e  storm of pulsa

t i o n s ,  is  shown i n  Figure 5 ;  a storm of p u l s a t i o n s  is u s u a l l y  assoc ia ted  with 

a bay-like dis turbance.  A QR c o n s i s t i n g  of weak Pi3 w a s  i s o l a t e d  between 

7 - 8h UT on 4 October 1965 (Figure 6) ;  at  16 - 18h UT, a QR w a s  noted t h a t  

cons is ted  of i n d i v i d u a l  sharp b u r s t s  on a r e l a t i v e l y  q u i e t  background. 

The t a b l e  shows moments (UT) a t  which p u l s a t i o n s  appeared i n  October,1965, 

and t h e  i n t e r v a l s  ( i n  minutes) between them ( i n  parentheses) .  The i s o l a t e d  

QR are separa ted  by semicolons. 

During t h e  remaining days of OctoberJ965,  i t  w a s  d i f f i c u l t  t o  s e p a r a t e  

t h e  i n d i v i d u a l  p u l s a t i o n  o u t b u r s t s  .because- of t h e  l a r g e  dis turbances.  

Obviously, t h e  T I  of t h e  p u l s a t i o n  b u r s t s  have a l a r g e  range of values .  The 
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QR appear with a cons iderable  frequency. It i s  of i n t e r e s t  t o  i s o l a t e  t h e  170
e f f e c t  f o r  micropulsat ions.  Empir ical ly ,  t h i s  is  a s s o c i a t e d  w i t h  t h e  fact  

(as emphasized i n  [17]) t h a t  t h e  r a t i o  of T I  between t h e  "pear ls"  Pc2 (CPlp) 

t o  t h e  T I  between "pear ls"  P c l  (PPI i s  190/120 = 1.56. This  phenomenon 

i s  i n t e r p r e t e d  i n  [17] as t h e  r a t i o  of t h e  o s c i l l a t i o n  t i m e s  between t h e  mir ror  

p o i n t s  f o r  slow protons ( e x c i t i n g  t h e  P 2), and t h e  f a s t  protons ( e x c i t i n g
C 

Pel) 

TABLE 


~-

Date Bursts  of p u l s a t i o n s  , grouped i n t o  
quasirhythmoids 

-. -..- .. .- .. -

1 	 9h7m (226), 12h13m (150), 15h28m, 19h25m (120), 2Ih2Sm 
(190) 

2 Oh35m, Oh3Sm (3SS), 6h46m (498), 15hOm (350), 2OhSOm 

3 17h41m (267), 22'18m (273) 

4 zh4lm, 6h38m(53), 7h31m (36), 8h7m 

16h24m (46), 17h10m (27), 17h37m 

lh14"' (88), 2"42"'(63), 3h45m, 22h56m (190) 

2hGm (127), 4h13m 

7h3m (57), 9'Om (80),10h20m 

lh30m (ZCtO), 5113U"1(367), 11h37m (350), 17h27m 

19h27m (44), 2Oh1Im (31), 201142m, 20h42m (236) 

11 	 4"13m (247), 8"20"'(224), 12h4m (216). 1sh4Om (191), 
1Sh5Im 

13 Oh5Im (46), 1'37m (67), 2h43'n, 12h6m (?2S), 14h14m (121), 

1Gh15m(72), 17h27m 

14 lh44m (43), 2h271n(48), 3h15m (49), 4h4m (70), 5h14m 

13110'" (120), 15110'" (120), 17hOm 

I G  5"30m (36S), 111'35'" (390), 18"5"' 

19 12"Om (240), lGhO'" (225), 19'45"' 

26 15h16m (274), lYh50m(175), 22h45m 
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Figure 5. A QR of the  p u l s a t i o n s  of t h e  geomagnetic f i e l d ,  recorded 
on 2 October 1965. Notat ions same as on Figure 1. 

Figure 6. A QR of weak pulsa t ions  and of i n t e n s e  b u r s t s  of 
t h e  geomagnetic f i e l d ,  recorded on 4 October 1965. 

Figure 7. Qyasirhythmoids of bay-like d is turbances  of t h e  geo
magnetic f i e l d ,  recorded i n  September 1965. 

103 



Quasirhythmoids of Bay-Like
' Distrubances of t h e  Magnetic 

3 7 !
' I  

Figure 8. Quasirhythmoids of magnetic f i e l d  
d is turbances ,  beyond t h e  magnetosphere, 
recorded i n  March 1965 [18]. 

The upper scales show t h e  geocent r ic  d i s t a n c e  
i n  Earth r a d i i ,  t h e  lower scales i n d i c a t e  
t h e  UT. The s a t e l l i t e  w a s  on t h e  evening 
s i d e  of t h e  Earth;  t h e  s t r a i g h t  l i n e ,  
connecting t h e  sa te l l i t e  wi th  t h e  center  
of t h e  Ear th ,  made a 25" angle with the  
Earth-Sun plane,  which i s  normal t o  t h e  
e c l i p t i c ,  and a 35" angle  with i t s  pro
j e c t i o n  upon t h e  p lane  of t h e  ecl ipt ic .  
The lower QR correspond t o  QR of bay AD 
a t  Murmansk. 

Specimen QR, i d e n t i f i e d  

from magnetograms taken i n  Sep

tember 1965, are shown i n  Figure 

7. When t h e  b u r s t s  had no 

s t e e p  forward f r o n t ,  t h e i r  

commencement w a s  determined from 

t h e  i n t e r s e c t i o n  of t h e i r  

magnetogram with t h e  magneto-

gram of t h e  q u i e t e s t  day of t h e  

month. During s t r o n g l y  d is 

turbed days,  t h e  bays overlap,  

t h e  trace becomes undecipherable,  

and t h e  QR cannot be i d e n t i f i e d .  

I n  Figure 8, t h e  QR are 

def ined with r e s p e c t  t o  t h e  

d e v i a t i o n  of t h e  0-vector of 

t h e  magnetic f i e l d  from a 

p lane  t h a t  is p a r a l l e l  t o  t h e  

p lane  of t h e  e c l i p t i c  beyond t h e  

magnetosphere, according t o  

t h e  d a t a  suppl ied  by "Explorer 

X" [18]. The graph i n d i c a t e s  

t h a t  t h e  commencements of 

d i f f e r e n t  bays ( i n  terms of 

magnitude) c o r r e l a t e  with approximately e q u a l ( i n  amplitude) b u r s t s  of t h e  

f i e l d  beyond t h e  magnetosphere. This ,  conceivably,  could b e  caused by t h e  

d r i f t  of Murmansk upon t h e  morning s i d e  of t h e  Earth.  This example f u r t h e r  

emphasizes t h e  importance of t h e  moments of commencement of b u r s t s ,  a t  least 

i n  magnetic f i e l d  phenomena. 
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I n  Figure>9, w e  show two QR of a t o t a l  of 12 t h a t  w e r e  i s o l a t e d  and t h a t  
cover the majori ty  of absorp t ion  b u r s t s  t h a t  took p lace  i n  October,1965. On 23 

and 24 October, the QR b u r s t s  are superimposed upon lengthy and s m a l l  anomalous 

absorpt ion.  An ex tens ive  QR, covering s m a l l  anomalous absorp t ions ,  w a s  

i s o l a t e d  on 1 7  - 18 October. These absorpt ions are assoc ia ted  with VHF b u r s t s  

and t h e i r  n a t u r a l  causes w i l l  be  discussed below. A s i m i l a r  QR had a T I  of 

approximately 144 minutes. With a rap id  recording,  and under t h e  condi t ion  t h a t  

s e p a r a t e  d is turbances  do n o t  cause an absorpt ion-l ike effect on t h e  rheometric 

recording, we can i s o l a t e  QR of s m a l l  absorpt ion b u r s t s  with s h o r t  i n t e r v a l s  
- i .e . ,  on t h e  order  of an hour,  as f o r  example, took p lace  on 1 7  - 18 

November, 1965 (Figure 10).  Figure 11, from [19], shows t h e  absorp t ion  traces 

i n  t h e  morning hours i n  College,  based on a number of f requencies  and absorpt ion 

recordings i n  adjacent  areas; t h e r e  appear QR with T I  of s e v e r a l  hours.  

Notably, x-ray r a d i a t i o n  i n  t h e  s t r a t o s p h e r e ,  caused by e l e c t r o n  

i n t r u s i o n ,  i s  f requent ly  assoc ia ted  with anomalous absorpt ion i n  t h e  a u r o r a l  

zone. Figure 12 (from [20]) shows t h e  QR of x-ray microbursts  with energ ies  of 

t h e  order  of 2100 keV. 

The Quasirhythmoids of B u r s t s f  t h e  Very High Frequency F i e l d  

Some s t u d i e s  [21 - 261 r e p o r t  i r r e g u l a r  b u r s t s  of t h e  VHF f i e l d ,  r e g i s t e r e d  

by radar  and rheometric observat ions during geomagnetic storms, anomalous 

absorpt ion of E and d i f f u s i o n  i n  t h e  F region a t  high l a t i t u d e s .  I n  [16],
S Y  

t h e  r e l a t i o n s h i p  between t h e  b u r s t s  of t h e  VHF and VLFE i s  emphasized. It 


is  pointed out  t h a t  they arrive from nor thern  d i r e c t i o n s ,  and have a noise- 


l i k e  n a t u r e  and a wide range. Even though some i n v e s t i g a t o r s  who used rheo


m e t r i c  traces and radar  i n t e r p r e t  such VHF f i e l d  b u r s t s  as a c t u a l  d i s turbances ,  


no p a r t i c u l a r  a t t e n t i o n  w a s  p a i d  t o  them otherwise.  Some authors  d i s c u s s  


p o s s i b l e  forms of long-range propagation of d is turbances  (atmospheric,  
/73 

i n d u s t r i a l  as w e l l  as s i g n a l s  of VSW and SW r a d i o s t a t i o n s ) ,  emphasizing 

t h e  r o l e  of a u r o r a l  i o n i z a t i o n ,  of E
S 

s c a t t e r i n g  i n  t h e  propagation,,nd of t h e  
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d i s t o r t i o n  of t h e  s i g n a l s .  On t h e  o t h e r  hand, t h e  n a t u r a l  mechanisms of 

e x c i t a t i o n  are a l s o  mentioned: e.g., Cherenkov e x c i t a t i o n  [21], synchrotronic  

e x c i t a t i o n  [22, 231, plasma emissions [21, 24, 251, as w e l l  as emission by 

e l e c t r o n s  t h a t  are e j e c t e d  from molecules [26]. It is  poin ted  out  t h a t  

i t  i s  p o s s i b l e  t o  t ransform t h e  frequency o f  an SW r a d i o s t a t i o n  due t o  t h e  

r a p i d  v a r i a t i o n  of t h e  i o n i z a t i o n  dens i ty  [27]. W e  should a l s o  keep i n  mind 

t h e  s c a t t e r i n g  by m e t e o r i t e  traces, o r  t h e  r e f l e c t i o n  from them, whereby 

t h e  la t ter  may be a l s o  elongated along t h e  f o r c e  l i n e s o f  t h e  magnefic f i e l d ,  

[28 - 301. 

It w a s  suggested i n  [31], t h a t  VHF b u r s t s ,  observed rheometr ica l lydur ing  

radio-synchrotron anomalies and during geomagnetic storms wi th  a sudden 

commencement,may w e l l  b e  a consequence of t h e  "porosity" of t h e  absorbing 

region,  o r  they may be b u r s t s  of s o l a r  rad io  emission. The f i r s t  assumption 

appears somewhat a r t i f i c i a l ;  t h e  second assumption i s  n o t  unfeas ib le  during 

t h e  day i n  years  of maximum s o l a r  a c t i v i t y ,  and during t h e  n ight  when 

VSW(Q 5oMHz) changes t o  high l a t i t u d e s  a s  a r e s u l t  of t h e  r e f l e c t i o n  from 

t h e  F2 l a y e r .  A s  to-minimum y e a r s ,  i t  i s  d i f f i c u l t  t o  v i s u a l i z e  t h e  recept ion  

of s o l a r  radio-emissions a t  a frequency of 32 MHz at night t ime.  A t  low 

l a t i t u d e s ,  VHF b u r s t s  a f t e r  a nuc lear  explosion a r e  q u a n t i t a t i v e l y  i n t e r p r e t e d  

as a synchronous emission of captured e l e c t r o n s  [32, 331. 

A t  h igh l a t i t u d e s ,  [ 2 3 ] ,  t h e  required e l e c t r o n  s t ream with energ ies  over 

500 keV w i t h  a n  energy power spectrum index of 62,  (y ie ld ing  a b u r s t  of UHF 

a t  a frequency of 30 MHz, which is 0.4 dB higher  than cosmic n o i s e ) ,  
7 -2 -1has been est imated at  2.5 x 1 0  cm asec [23]. I n  t h e  magnetosphere, a 

stream of such e l e c t r o n s  w a s  r e g i s t e r e d  on t h e  f o r c e  l i n e  L Q 6 a t  5 x lo5  cm-2 

'sec-1 [34]. It is assumed t h a t  f o r  s p e c i a l  p e r t u r b a t i o n s ,  t h e  f a s t  e l e c t r o n  

stream can reach t h e  requi red  magnitude. It is  a typical.  f e a t u r e  of synchro

t r o n  emission t h a t  i t  propagates wi th in  a narrow cone; t h e  a x i s  of t h e  cone 

co inc ides  with t h e  d i r e c t i o n  of t h e  e l e c t r o n  v e l o c i t y  and i s  almost normal 

wi th  respect t o  t h e  magnetic f o r c e  l i n e .  

106 



Figure 9. Quasirhythmoids of a u r o r a l a b s o r p t i o n s  of cosmic n o i s e  
on a rheometr ic  trace on 23 and 18 October, and t h e  QR's of VHF 
b u r s t s  (32 MHz, 16 October).  Notat ions s a m e  as i n  Figure 1. 

Figure 10. Quasirhythmoids of a u r o r a l  absorpt ions,  recorded on 
17 November 1965 with i n t e r v a l s  of approximately 50 t o  70 
minutes. Notat ions same as i n  Figure 1. 
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Obviously, wi thout  d e t a i l e d  s t u d i e s  

of  t h e  b u r s t  i n t e n s i t y  of t h e  VHF f i e l d173 
the  d i r e c t i o n s  of t h e i r  a r r i v a l ,  t h e i r  

d i s t r i b u t i o n  i n  t e r m s  of  frequency 

and amplitude,  as w e l l  as t h e i r  r e l a t ion 

s h i p  t o  o t h e r  phenomena, t he  problem 

of t h e  e x c i t e r  of UHF f i e l d  b u r s t s  can

not  be  resolved.  

The rheometer antenna a t  t h e  

Loparskaya S t a t i o n  ( a  four-element 

wave channel) w a s  beamed a t  t h e  North 

S t a r ;  t h i s  does no t  preclude 

recept ion  from o t h e r  d i r ec t ions .  

Typical  specimens of UHF f i e l d  

b u r s t s  are shown i n  Figure 13. Bursts  

w e r e  observed t h a t  range from s e v e r a l  

seconds and more, which f r equen t ly  

form a c lose  group ("forest"  of 

b u r s t s ) ,  o r  else s o l i d  excesses  of 

the  apparent cosmic no i se  ( o r  " in te r 

ferences") l a s t i n g  s e v e r a l  hours.  /74 
Most f r equen t ly  , b u r s t s  appear p r i o r  

t o  and a f t e r  anomalous absorpt ion.  

Short  b u r s t s  i n  t h e  maximum of 

anomalous absorp t ion  are rare. 

Longer l a s t i n g  excesses of t he  VHF 

f i e l d  on a background of considerable  

anomalous absorp t ion  do t ake  p lace ;  

I
6 

d 
Figure 11. Quasirhythmoids of a u r o r a l  

absorp t ions  and VHF f i e l d  b u r s t s  i n  
conjugate  areas [19 ] .  T i m e :  (LMT 
150" W ) .  M - Makuori I s l and ;  K -
Kotzebue; c - College ; F - Fort  Yukon. 

I * 

I-

i sec

1
4.8 1 however, they are i n t e r p r e t e d  as a 

I r ap id  reduct ion  of  t h e  cosmic no i se  

I I 'Isec absorpt ion.  Figure 13 shows traces f o r  

Figure 1 2 .  Quasirhythmoids of a group A p r i l  and June 1965, when remote 
of x-ray b u r s t s  i n  the  s t r a tosphe re  passages of SW - VSW w e r ef o r  energ ies  E -> 100 kev [20] .  
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Figure 13. Typical  b u r s t s  of t h e  VHF f i e l d  (32 MHz) on a rheometric 
t r a c e .  Notat ions same as i n  Figure 1. 

observed a t  t h e  Kola Penninsula at  a frequency of approximately 30 MHz, due 

t o  r e f l e c t i o n  from summer-type E a t  subpolar  l a t i t u d e s .  The t y p i c a l  phenomeni
S 


involving t h e  VHF f i e l d s  a r e  observed a t  any t i m e  of t h e  year  

t h i s  suggests  reasons o t h e r  than E 

o r  of t h e  day; 

f o r  s o l a r  rad io  emission a t  subpolar
S 

l a t i t u d e s .  The almost simultaneous appearance of s h o r t  ( % l  min.) b u r s t s  of 

t h e  VHF f i e l d s  a t  Cape Chelyuskin and a t  Dixon I s l a n d  ( t h e  d i s t a n c e  between 

t h e  two p o i n t s  being % 750 km) on 26 September 1963 w a s  noted i n  [35]. 

Figure 11 shows b u r s t s  of t h e  VHF f i e l d  i n  t h e  decay of anomalous 

absorpt ion ( a f t e r  2h LMT, 150' W) i n  adjacent  areas. 

I16 nseptem- Ii 18 

II h e r .  I
I 

Figure 14. A VHFF QR (32 MHz) with i n t e r v a l s  from several 
minutes t o  approximately 50 t o  70 minutes, recorded i n  
September 1965. Notations same as i n  Figure 1. 
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The r e l a t i o n s h i p  between b u r s t s  of  t h e  VHF f i e l d  a t  a frequency of 28 MHz 

and VLFE a t  a frequency of  8 KHz w a s  repor ted  i n  [ 1 6 ] .  W e  a l s o  poin ted  out  a 
number of i n s t ances  when, i nc reas ing  with t h e  beginning of anomalous absorp

t i o n ,  t h e  a c t i v i t y  of VLFE at  a frequency of  725 KHz continued a f t e r  t h e  

absorp t ion  maximum. It decreased with t h e  b u r s t s  (18 June and 27 October 1965 ,  

e t c . ) .  A long QR of VHF f i e l d  b u r s t s  on 1 6  and 18 October 1965 is  shown i n  

Figure 9 ;  t h e  T I  w e r e  c l o s e  t o  those  of t h e  absorp t ion .  Figure 14  shows 

s h o r t e r  QR of t h e  VHF f i e l d .  On 7 September, t he  f i r s t  c losed group of 

b u r s t s  i s  a s h o r t  QR wi th  T I  of the order  of several minutes. Figure 11 

shows QR of VHF emission b u r s t s ,  recorded on Makuori I s l and ;  they are i d e n t i c a l  

t o  t h e  QR of absorp t ion  i n  terms of t h e  dura t ion  of t h e i r  T I ;  'however, (,,, t h e  

f i r s t  1 5 4  minutes) ,  they began earlier.  Thus w e  see t h a t  t he  r e l a t i o n s h i p  

between b u r s t s  of t he  VHF f i e l d  with anomalous absorp t ion  and VLFE i n  t i m e  

a f fo rds  t h e  p o s s i b i l i t y  of i s o l a t i n g  QR with T I  of s i m i l a r  o rde r s  of magnitude. 

A l l  t o l d  , t h i s  i n d i c a t e s  t h a t  t h e  p r i n c i p a l  sha re  of t he  analyzed b u r s t s  of 

t h e  VHF f i e l d  i s  no t  due t o  l o c a l  d i s turbances  o r  meteoric  i o n i z a t i o n ,  but  

i s  r e l a t e d  t o  t h e  a c t i v i t y  of charged p a r t i c l e  streams a t  high l a t i t u d e s ,  

where QR are f requent ly  i s o l a t e d .  

I f  w e  were t o  assume t h a t  b u r s t s  of t h e  VHF f i e l d  are a c t u a l l y  b u r s t s  of 

s o l a r  r ad io  emission, i t  would be d i f f i c u l t  t o  expla in  the  mechanism of t h e i r  

r e l a t i o n s h i p  with VLFE and t h e  r e l a t i o n s h i p  of QR of t he  VHF f i e l d  with QR of 

t h e  a u r o r a l  absorpt ion.  Notably, t h e  occurrence of an e l e c t r o n  outburs t  a t  -I 7 5  

t h e  moment of t h e  a r r i v a l  of t he  rad io  frequency r a d i a t i o n  of chromospheric 

b u r s t s  w a s  p red ic ted  i n  [ 3 6 ] .  The ques t ion  a l s o  arises regarding t h e  p robab i l i t y  

of QR of t he  s o l a r  rad io  frequency r a d i a t i o n .  Traces of t h e  l a t t e r  w e r e  no t  

examined; however, a QR w a s  discovered [37] ( see  Figure 15) .  

Thus, i n  the  f i v e  analyzed types of phenomena which are t y p i c a l  f o r  t h e  

a c t i v i t y  of charged pa r t i c l e  streams i n  MHD waves o r  sporadic  ion iza t ion  above 

t h e  observat ion area a t  high l a t i t u d e s ,  t h e r e  are f requent  QR of s i g n i f i c a n t  

b u r s t s  of c h a r a c t e r i s t i c  magnitudes. Quan t i t a t ive  estimates of t he  p robab i l i t y  
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of t h e i r  occurrence and t h e  f e a s i b i l i t y  of us ing  these  phenomena f o r  shor t -

range f o r e c a s t i n g  r equ i r e s  a d d i t i o n a l  s t a t i s t i ca l  ana lyses ,  wi th  a cons idera t ion  

of t h e  magnetic and s o l a r  a c t i v i t y .  

I n  t h e  i n t e r p r e t a t i o n  of t he  phys ica l  meaning of t hese  phenomena, two 

approaches are f e a s i b l e  : 

1) The s i g n i f i c a n t  p r o b a b i l i t y  of QR observa t ion  is a s t a t i s t i ca l  

consequence of t h e  T I  d i s t r i b u t i o n  among homogenous events ;  t h i s  d i s t r i b u t i o n  

i s  caused by gene ra l  phys i ca l  condi t ions  of random mechanisms; 

2 )  A QR reflects t h e  s t r u c t u r e  t h a t  i s  t y p i c a l  f o r  a s i n g l e  mechanism 

which appears  a t  random, b u t  f r equen t ly .  

I f  w e  accept  t h e  second i n t e r p r e t a t i o n ,  w e  could assume, as i n  [38],  t h a t  

moving i n  t h e  magnetosphere, captured and d r i f t i n g  about t he  E a r t h y i s  a 

q u a s i s t a b l e  mul t i tude  ("cloud") of geoac t ive  corpuscles .  This  "cloud" , 
pass ing  over t h e  observa t ion  area, causes  b u r s t s  of QR of t hese  phenomena. 

Obviously, t h i s  problem should b e  resolved i n  t h e  framework of t h e  dynamics 

of space-time d i s t r i b u t i o n  of d i f f e r e n t  phenomena a t  high l a t i t u d e s .  I t  is 

necessary t o  cons ider  t h e  numerous e f f e c t s  of p e r i o d i c i t y  of a s soc ia t ed  

geophysical  phenomena [39] ,  as w e l l  as t h e  p re sen t ly  e x i s t i n g  i n t e r p r e t a t i o n .  

The s t rong  p r o b a b i l i t y  of  occurrence of QR i n d i c a t e s  t h a t  t h e  T I  d i s t r i 

bu t ion  has  more probable  o r ,  i n  o t h e r  words, modal va lues  of t h e  T I .  It could 

be expected t h a t  wi th  two modal i n t e r v a l s ,  o r  two peaks i n  the  energy spectrum, 

t h e  i n t e n s i t y  of t h e  phenomenon, t h e  r a t i o  of  t h e  f r equenc ie s  o r  per iods ,  

corresponding t o  the  neighboring peaks of  t h e  energy spectrum, w i l l  l i e  between 

1.38 - 1.74. Actua l ly ,  quas iper iods  obta ined  by harmonic a n a l y s i s  of t h e  

a c t i v i t y  of E i n  [40] are 162 hours 102 minutes. The quas iper iods  of p o l a r
S 

aurora  [41];  6 ,  9 ,  14  (weakly pronounced), 22 ,  36, 54, and 90 minutes. The 

quas iper iods  of minimums i n  the  spectrum of Ear th  c u r r e n t s  [42]:  15.5; 9.25; 

6..0; 3.63; 2.60 minutes. The s t r o n g e s t  e igen  v i b r a t i o n s  of  t h e  Ea r th  [43, 441 

have t h e  fol lowing per iods :  53.5; 35.6; 25.8; and 16.1 minutes, and 43.6; 

28.2; 21.6 and 15.4 minutes. The frequency of  t h e  peaks of t h e  energy spectrum 

of the  e lec t romagnet ic  f i e l d  i n  t h e  "Earth-Ionosphere" c a v i t y  [45] : 0.8; 1.3; 
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1 2 
Figure 15. A QR of  s o l a r  r ad io  frequency r a d i a t i o n ,  

recorded on 3 September 1960 [37].  L ines  of  equal  
i n t e n s i t y  are shown. 

1 . 8  Hz. It appears t h a t  QR can be  c h a r a c t e r i s t i c  f o r  t h e  magnetosphere, as w e l l  

as f o r  t h e  atmosphere of t h e  Ear th  i t se l f ;  they can be i n t e r p r e t e d  as s p h e r i c a l  

o s c i l l a t i n g  systems. It fol lows from [461 t h a t  t h e  s imples t  types  of  s tanding  

waves i n  t h e  s p h e r i c a l  c a v i t y  have f requencies  of  t h e  f i r s t  t h r e e  harmonics 

such t h a t  about 213 of  t h e  r a t i o s  of t h e  second t o  t h e  f irst  and t h i r d  t o  t h e  

second are wi th in  1.38 - 1.75. It i s  d i f f i c u l t  t o  judge  whether t h i s  i s  

a l s o  t r u e  f o r  t he  hydromagnetic o s c i l l a t i o n s  of  t h e  e n t i r e  magnetosphere and 

i t s  ind iv idua l  cavit ies [47].  

Using very gene ra l  cons idera t ions ,  i t  appears  t h a t  an i d e n t i c a l  r e l a t ion 

s h i p  between the modal f requencies  i n  the  energy spectrum can a l s o  occur  

during t h e  e x c i t a t i o n  of paramet r ic  o s c i l l a t i o n s ,  i f  t h e  parameter t h a t  de

termines the  frequency of  t h e  system's  e i g e n v i b r a t i o n s  i s  modeled wi th  a 

frequency t h a t  i s  smaller than t h e  e igen  v i b r a t i o n  frequency by approximately 

a f a c t o r  of 1.5.  Then both  t h e  paramet r ic  e igen  v i b r a t i o n s  and v i b r a t i o n s  wi th  

a pumping frequency can be exc i ted .  Apparently t h e  supe rpos i t i on  of several 

mechanisms i n  one phenomenon cannot be ru l ed  out.  
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THE ENERGY BmANCE OF AMAGNETIC STORM 

B. Y e .  Bryunel l i ,  M. I. Pudovkin 

ABSTRACT. The paper analyses  t h e  t o t a l  energy and i t s  dis
s i p a t i o n  rate a t  d i f f e r e n t  s t a g e s  of development (DCF, DR and DP) 
of t h e  magnetic storm. Evaluations are made of t h e  energy expend
i t u r e  of t h e  s o l a r  corpuscular  stream, assoc ia ted  wi th  t h e  forma
t i o n  of c u r r e n t  systems i n  t h e  magnetosphere of t h e  Earth and 
beyond it .  

A geomagnetic storm occurs a s  a r e s u l t  of t h e  i n t e r a c t i o n  between s o l a r  /79 
corpuscular  streams and t h e  magnetosphere of t h e  Earth.  The mechanism of t h i s  

i n t e r a c t i o n  is known only i n  very general  terms. Thus, i t  is  of i n t e r e s t  t o  

examine t h e  energy balance of a magnetic storm; t h i s  permits us ,  without 

going i n t o  t h e  d e t a i l s  of any s p e c i f i c  mechanism, t o  develop an estimate of 

i t s  p r o b a b i l i t y .  

A storm i s  c r e a t e d  by cur ren t  systems which occur beyond, as w e l l  as 

wi th in , the  Earth.  Chapman [l] pointed out  t h a t  when t h e  screening e f f e c t  

of t h e  conductive l a y e r s  of t h e  Earth i s  taken i n t o  account,  the energy of a 

magnetic storm appears t o  b e  equal  t o  t h e  energy of t h e  corresponding cur ren t  

systems. The component, corresponding t o  t h e  i n t e r a c t i o n  energy of t h e  

cur ren t  systems with t h e  main f i e l d  of the E a r t h y i s  no t  included i n  t h e  

expression f o r  t h e  t o t a l  energy. Fur ther ,  it w a s  demonstrated [2 ]  , that  t h e  

e f f e c t  of t h e  E a r t h ' s  conduct iv i ty  upon t h e  energy l o s s e s  by t h e  corpuscular  

stream and upon t h e  genera t ion  of a magnetic storm is i n s i g n f i c a n t .  Thus, 

v a r i a t i o n s  of t h e  magnetic moment of t h e  Earth can b e  neglec ted  i n  c a l c u l a t i n g  

t h e  energy of t h e  stream. Actual ly ,  a magnetic storm can b e  modelled by a 
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system of three i n t e r a c t i n g  contours: t h e  first corresponds t o  t h e  main f i e l d  

of t h e  Earth,  t h e  second represents  t h e  e x t r a  ionospheric  c u r r e n t  system of 

t h e  storm, and t h e  t h i r d  corresponds t o  c u r r e n t s  inducted i n  t h e  Earth,  

which screen  its i n t e r i o r  l a y e r s  from t h e  effects of t h e  external magnetic 

f i e l d .  The energy of such’ a system i s  

For t h e  case of nonconductive Earth I3 = 0 , t h e  magnetic energy of t h e  

e n t i r e  system is  

I Ii.e.,  i t  contains  t h e  component L12 1 2 7  which corresponds t o  t h e  i n t e r a c t i o n  

energy between t h e  cur ren t  system of t h e  storm and t h e  main f i e l d  of t h e  

Earth.  

However, as pointed out  i n  [2] ,  with a constant  magnetic moment of t h e  

Earth,  t h e  magnetic i n t e r a c t i o n  energy Win = L12I1I2 is  generated n o t  due 

t o  t h e  energy of t h e  f l u x ,  bu t  due t o  t h e  sources  of t h e  main f i e l d  of the 

Earth.  Actual ly ,  with an a r b i t r a r y  s h i f t  of t h e  contour L2 and with a v a r i a t i o n  

of t h e  f o r c e  of t h e  c u r r e n t  I2 i n  t h i s  contour,  t h e  sources  which main ta in  

t h e  cur ren t  i n  t h e  f i r s t  contour perform t h e  work 

bP = -118 (I&) 

and when I1 = cons tan t ,  

Thus, when t h e  conduct ivi ty  of t h e  Earth i s  zero,  and t h e  magnetic moment of /80 

t h e  Earth during t h e  storm i s  r e t a i n e d ,  then t h e  mutual energy of i n t e r a c t i o n  


‘in = L12I1I2 is e n t i r e l y  produced by t h e  sources  of t h e  main f i e l d .  The 


energy of t h e  corpuscular  stream is  only consumed f o r  t h e  genera t ion  of s e l f  
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induct ion energy 

This is a consequence of the commonly known f a c t  t h a t  t h e  constant  

( i n  time) magnetic f i e l d  does n o t  perform any work; hence, t h e  k i n e t i c  energy 

of contour L2 can only b e  converted i n t o  its own energy of self- induct ion.  

I f ,  on t h e  o t h e r  hand, t h e  conduct ivi ty  of t h e  i n t e r i o r  l a y e r s  of the 

Earth i s  s u f f i c i e n t l y  high,  then t h e  magnetic flux through contours L1 and L3 
does not change during t h e  storm, i .e. ,  L1 2I2 + L1313 = 0. The sources  of t h e  

main f i e l d  do n o t  perform any work. The magnetic energy of t h e  system 

as  pointed out  by Chapman [ l l ,  does not  conta in  t h e  t e r m  t h a t  corresponds 

t o  t h e  i n t e r a c t i o n  energy between t h e  system of t h e  storm’s c u r r e n t s  and t h e  

main geomagnetic f i e l d .  

Obviously, i n  t h e  c a l c u l a t i o n  of t h e  energy l o s s e s  of t h e  stream, t h e  

mutual energyL,,I,I, = ( P I .  A h )  should n o t  be taken i n t o  account,  r e g a r d l e s s  

of t h e  conduct ivi ty  of t h e  Earth.  

The emergence of t h r e e  extra terms i n  expression ( l b ) ,  as compared t o  

( 2 ) ,  r e f l e c t s  t h e  f a c t  t h a t ,  with a high conduct iv i ty  of t h e  Earth,  t h e  energy 

of t h e  corpuscular  stream is  consumed f o r  generat ing c u r r e n t s ,  beyond as 

w e l l  as wi th in  t h e  Earth.  However, q u a n t i t a t i v e l y  t h i s  v a r i a t i o n  of energy 

Wm i s  r a t h e r  i n s i g n i f i c a n t .  In f a c t ,  as pointed out  i n  [l, 21,  t h e  energy of 

self- induct ion of c u r r e n t s ,  flowing on t h e  s u r f a c e  of a sphere,  i s  propor t iona l  

t o  t h e  square of t h e  r a d i u s  of t h i s  sphere.  Since t h e  rad ius  of t h e  sphere 

upon which t h e  c u r r e n t s  I3 are flowing does n o t  exceed t h e  rad ius  of t h e  

Earth ( r 3  M 0.8 %) , and t h e  rad ius  of t h e  sphere  r2-upon which DR and DCF 

c u r r e n t s  are flowing i s  of t h e  order  3% and 6%, r e s p e c t i v e l y ,  i t  fol lows t h a t  

-&&/&&>f~ . The i n t e r a c t i o n  energy of c u r r e n t  systems I2 and I3 equals  
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L,,I,I,= -2L3& [2], Thus, it a l s o  does no t  exceed t h e  energy of s e l f -

induct ion of cu r ren t  system I2 by t h e  f a c t o r  of 0.2. 

Accordingly, i n  es t imat ing  energy l o s s e s  of t h e  stream, the energy of 

cu r ren t s  inducted i n  t h e  Ear th  may be  d is regarded ,  and t h e  magnetic moment 

of t h e  Earth may be considered constant .  I n  t h i s  i n s t ance ,  i t  is easy t o  

demonstrate t h a t  t he  se l f - induct ion  energy of t h e  e x t r a  ionospheric  cur ren t  

r ing  i s  connected by a simple r e l a t i o n s h i p  t o  i t s  i n t e r a c t i o n  energy with t h e  

main magnetic f i e l d  of t h e  Earth.  Indeed, i f  t h e  approaching contour i s  

regarded as superconductive,  then t h e  magnetic f l u x  through t h e  sur face  t h a t  i s  

bounded by t h e  contour m u s t  remain cons tan t ,  i .e.,  

The magnetic energy generated a t  t h e  end of t h e  motion d u e ' t o  t h e  corpuscular  

stream is 

w =r 
1 

LZ2Ii= -+L121112. ( 4 )
L 


With respec t  t o  the  Earth,  t h i s  means t h a t  t h e  energy of t h e  i n i t i a l  phase 

of t h e  storm i s  

where AH# i s  t h e  f i e l d  inc rease  i n  t h e i n i t i a l  phase which is a t t r i b u t a b l e  t o  181-
external causes only. 

Assuming t h a t  t he  observed f i e l d  i s  l a r g e r  than t h e  external f i e l d  by 

t h e  f a c t o r  of 1.5, w e  g e t  

where Mis the  observed increase .  

Energy of 2 x e r g  corresponds t o  a storm wi th  a ga in  of 70y. 
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I n  t h e  main phase of t h e  storm, t h e  energy of t h e  stream is  consumed f o r  

t h e  generat ion of magnetic energy of t h e  cur ren t  system, and f o r  an  i n c r e a s e  

of t h e  k i n e t i c  energy of t h e  captured p a r t i c l e s .  The energy of a c u r r e n t  

system, as ind ica ted  before ,  amounts t o  t h e  self- induct ion energy of a 

system, f o r  which an estimate has  a l ready been made [l, 2 1 :  

P V ~ ) Z = Z ~ ~ ~ ( A H ~ ) ~ ,  (7)1 


wherer  R is the  rad ius  of t h e  cur ren t  r i n g  and AH e is  t h e  magnitude of f i e l d  

decrease during t h e  main phase of t h e  storm. 

I n  [ 2 ] ,  t h e  increment of t h e  k i n e t i c  energy w a s  computed; i t  w a s  pointed 

out  t h a t  t h e  f i e l d  of a cur ren t  which i s  s t a t i c  equi l ibr ium with t h e  captured 

plasma, i.e., s a t i s f y i n g  condi t ion 

1- - [ j  x H ]  =-grad P. 

creates a f i e l d  t h a t  i s  propor t iona l  t o  t h e  t o t a l  energy of t h e  p a r t i c l e s .  

I f  t h e  c u r r e n t  i s  i n  a d ipole  f i e l d  with moment M, then the d is turbance  AH2’ 
crea ted  by i t ,  relates t o  t h e  t o t a l  energy of t h e  p a r t i c l e s  as 

provided t h a t  t h e  pressure  included i n  (8) is i s o t r o p i c ,  The presence of 

anisotropy can be taken i n t o  account by t h e  in t roduct ion  of a c o r r e c t i o n  

f a c t o r ;  f o r  experimental ly  obtained d i s t r i b u t i o n s  [ 3 ] ,  its magnitude w i l l  n o t  

d i f f e r  g r e a t l y  from uni ty .  

The requirement t h a t  t h e  energy dens i ty  of the captured p a r t i c l e s  b e  less 

than t h e  energy d e n s i t y  of t h e  main magnetic f i e l d  of t h e  Earth imposes restric

t i o n s  upon poss ib le  va lues  of rad ius  rR [ 4 ] .  I n  v i e w  of t h i s  r e s t r i c t i o n ,  W2(1) 

is  always smaller than W$2), and t h e  l a t t e r  can b e  used as t h e  est imated 

energy of t h e  main phase. I n t e r p r e t i n g  AH, as the observed f i e l d ,  w e  

rewrite (9) s i m i l a r l y  t o  (6) 



Thus, w e  f i n d  that an energy of 4 x 1022erg corresponds t o  a storm w i t h  an 

observed drop of t h e  f i e l d  of 150y during t h e  main phase. 

Apart from t h e  absolu te  magnitude of t h e  energy of a magnetic storm, 

the rate of i t s  v a r i a t i o n  i s  a l s o  of d i s t i n c t  i n t e r e s t  because i t  is t h i s  

magnitude which i s  determined d i r e c t l y  by t h e  parameters of t h e  s o l a r  

corpuscular stream and by t h e  e f f e c t i v e n e s s  of t h e  mechanism involving t h e  

energy t r a n s f e r  from t h e  stream t o  t h e  magnetosphere. 

A s  f a r  as the f i r s t  phase of a magnetic storm i s  concerned, i t  follows 

from t h e  above c a l c u l a t i o n s  t h a t  

Wi 2,5*10mp1-=-= -= 2,5-10a0erg lsec ,At 100 

wherebt = 100 sec is the dura t ion  of t h e  growth of the f i e l d  during sudden 

commencement of t h e  storm. /82 

The magnitude thus  obtained coincides  wi th  the f ind ings  repor ted  i n  

[5] i n d i c a t i n g  t h a t  t h e  growth rate of magnetic energy during t h e  i n i t i a l  

phase of t h e  storm i s  r a t h e r  high. I n  terms of order  of magnitude, it is  

comparable t o  t h e  t o t a l  energy f l u x  c a r r i e d  by t h e  corpuscular  stream t o  t h e  

boundary of t h e  magnetosphere ( p  flux = 5 x lo2' - 1021e r g / s e c ,  according 

t o  [6] ) .  The l a t te r  i n d i c a t e s  t h a t  t h e  e f f e c t i v e n e s s  of t h e  mechanism which 

converts  t h e  k i n e t i c  energy of t h e  t r a n s l a t i o n a l  motion of t h e  corpuscular  

stream i n t o  magnetic energy must be r a t h e r  high. This is i n  f u l l  agreement 

with t h e  genera l ly  accepted model of t h e  i n i t i a l  phase of the storm. 

The es t imat ion  of t h e  rate of energy input  i n t o  t h e  magnetosphere of t h e  

Earth during t h e  main phase of t h e  storm i s  somewhat more complex, because 

t h i s  phase i s  assoc ia ted  with t h e  formation of e lectr ical  c u r r e n t s  i n  r a d i a t i o n  

b e l t s ,  where d i f f e r e n t  d i s s i p a t i v e  processes  can take  place.  The decay of the 

r i n g  c u r r e n t  and t h e  d i s s i p a t i o n  of t h e  accumulated energy during storms of 

moderate i n t e n s i t y  take  p lace  r e l a t i v e l y  slowly,'  i . e . ,  over several days. During 

i n t e n s e  storms, on account of t h e  aforementioned approach of t h e  c u r r e n t  t o  t h e  
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Earth,  t h e  decay takes  p l a c e  f a s t e r ,  and t h e  f i e l d ,  a s  a r u l e ,  grows wi th in  


f i v e  t o  t e n  hours.  The a c t i v i t y  during t h e  storm changes r a t h e r  r a p i d l y  as 


i s  evidenced from the graphs of A
P 

f o r  some storms, c i t e d  i n  [ 7 ] .  I f  w e  assume 


t h a t  r a p i d  v a r i a t i o n s  of A
P 

correspond t o  equal ly  rap id  v a r i a t i o n s  of t h e  energy 


f l u x ,  then t h e  course of t h e  f l u x  during t h e  storm can b e  approximated by a 


rec tangular  impulse, incl.uded a t  t h e  beginning of t h e  f i e l d  drop and 


el iminated upon reaching t h e  minimum. The d i s s i p a t i o n  time can thus  b e  
. .  
est imated from t h e  f i e l d  reduct ion p a t t e r n ,  Based on t h e  regenerat ion of t h e  

f i e l d ,  one can estimate t h e  d i s s i p a t i o n  time. Using t h e  f i e l d  diagram c i t e d ‘  

i n  [8] f o r  t h e  storm of 13 September 1957, t h e  curve can b e  def ined as 

exp (-t/-c), where T = 10 hours. The rate of energy l o s s  f o r  a storm with a 

decrease of 150Y w i l l  be 

and w i l l  exponent ia l ly  decrease with t i m e .  During t h e  growth phase,  provided 

it lasts t h e  same t e n  hours ,  t h e  rate of energy input  must be t w i c e  as l a r g e ,  
18

i .e .  , of t h e  order  of 2 x 10 erg /sec ;  with s h o r t e r  growth per iods ,  i t  w i l l  

have t o  b e  accordingly higher .  

It is  pointed out i n  [8] t h a t ,  empir ica l ly ,  i t  i s  not  f e a s i b l e  t o  i s o l a t e  

f i e l d  v a r i a t i o n s  caused by a change of t h e  energy input  from v a r i a t i o n s  proper 

which are determined by t h e  d i s s i p a t i o n  t i m e .  For t h i s  reason,  one could 

j u s t i f i a b l y  assume t h e  ex is tence  of small  values  of d i s s i p a t i o n  t i m e .  It i s  

f u r t h e r  pointed out  t h a t  when a very s m a l l  t ime T ( f o r  example, 0.5 hour) 

i s  assumed, t h i s  br ings  about a d r a s t i c  i n c r e a s e  i n  t h e  estimates of t h e  f l u x  

(by one order  of magnitude). While t h i s  i s  c o r r e c t  , however, empir ica l  

f ind ings  and examples c i t e d  i n  [8] do n o t  j u s t i f y  t h e  assumptions of s m a l l  ‘1. 

The assumption t h a t  t h e  regenerat ion rate of H i s  determined by t h e  process  

i t s e l f  l e a d s ,  as w a s  pointed o u t ,  t o  an estimate of T = 10 hours ,  and t o  

estimates of t h e  d i s s i p a t i o n  r a t e  as c i t e d  above. 

I n  [l], a va lue  of W3 = 109 e r g  w a s  der ived f o r  t h e  energy of a p o l a r  

magnetic dis turbance.  This is considerably lower than W1 and W2,  and f o r  
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t h i s  reason, p o l a r  d i s turbance  was  excluded from f u r t h e r  ana lys i s .  However, 
a p o l a r  d i s turbance  a s soc ia t ed  with a cur ren t  i n  t h e  ionosphere causes high 
energy lo s ses .  

The cu r ren t  dens i ty  i n  the  zone is  of t h e  o rde r  of 1000 amp/km. This cur ren t  
i s  generated by t h e  e l e c t r i c  f i e l d  i n  the  mer id iona l  d i r e c t i o n ;  i t s  magnitude can 

be es t imated  from t h e  v e l o c i t y  of motion of h e t e r o g e n e i t i e s i n  aurora ,  

r e g i s t e r e d  by radar  and o p t i c a l  methods. I f  t hese  movements are determined by 

t h e  electric d r i f t ,  then E = v H / c .  Observed v e l o c i t i e s  of 0.5 = 1km/sec [9] 

correspond t o  f i e l d s  of t he  order  of 25 - 50 w a t t / k m .  These values  of t h e  

f i e l d  and of t h e  cu r ren t  are i n  agreement with t h e  t o t a l  H a l l  conduct iv i ty  [ lo ]  
obtained by d i r e c t  ca l cu la t ion .  

H a l l ' s  cu r r en t  i s  not  accompanied by hea t  emission. However, t h e  ex i s t ence  

of conduct iv i ty  and of H a l l  cu r r en t  is impossible without t h e  simultaneous 

ex i s t ence  of Pedersen conduct iv i ty  and cu r ren t  along t h e  e l e c t r i c  f i e l d .  I n  

t h e  region where t h e  frequency of e l e c t r o n  c o l l i s i o n s  i s  low t h e  r e l a t i o n  

between Pederson and H a l l  conductfvi ty  i s  

where wi is  t h e  gyrofrequency of ions.  Auroral  i o n i z a t i o n ,  and t h e  cu r ren t  

stream crea ted  by it, occur wi th in  a r e l a t i v e l y  narrow he igh t  i n t e r v a l  (100

120 km). Near t h e  upper edge of t h i s  region is t h e  boundary between regions 

of s h o r t  and long i o n i c  mean f r e e  paths .  Inasmuch as t h e  d i s t ance  between 

the  cen te r  of t h e  cu r ren t  and t h i s  boundary does not  exceed t h e  he igh t  of t he  

homogenous atmosphere, t h e  r a t i o  (11) apparent ly  i s  smaller than two 

(a va lue  of 1.5 w a s  reported f o r  t h i s  r a t i o  i n  [ lo]) .  It fol lows t h a t ,  

simultaneously with t h e  H a l l  cu r r en t ,  t he re  must exist a d i r e c t  cur ren t  

with a s t r e n g t h  t h a t  i s  smaller than t h a t  of t h e  H a l l  cu r r en t  only by t h e  

f a c t o r  of 1.5 - 2. The ex i s t ence  of a d i r e c t  cu r ren t  l eads  t o  a release 

-I 8 3  
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of hea t .  The power l o s t  per  1km2 can b e  est imated as 

The area covered by t h e  d is turbance  can b e  est imated by an arc 5,000 km 

long and 500 km wide [ll]. The t o t a l  energy loss  i n  an arc of a p o l a r  aurora  

should amount t o  

dWS-- 6.1017 erg/sec.  
.dt 

While energy l o s s e s  must a l s o  exist beyond t h e  boundaries of t h i s  arc, 

and t h e  suggested mechanism is n o t  unique,even though t h e  most s i g n i f i c a n t  

[12], t h i s  estimate may be increased t o  1 0 l 8  erg/sec.  It should b e  pointed out  

t h a t  t h e  values  used i n  t h e  computation are n o t  l i m i t i n g  values .  Larger 

values  of cur ren t  dens i ty  (corresponding t o  dis turbances exceeding 600y) , as 

w e l l  as l a r g e r  values  of t h e  electric f i e l d  leading t o  high rates of d r i f t ,  

w e r e  observed. Studies  [12, 131 c i t e  movements with a v e l o c i t y  of 3 t o  5kmIsec 

r a t h e r  than t h e  accepted v e l o c i t y  of 0.7 kmlsec. Hence t h e  aforementioned e s t i m  -
a te  may be increased by s e v e r a l  o r d e r s  of magnitude, and i t  may amount t o  s e v e r a l  

u n i t s  of 1018erg lsec .  

The d i s s i p a t i o n  rate of Joule  h e a t  i n  t h e  ionosphere is c l o s e  t o  t h e  

d i s s i p a t i o n  r a t e  of energy i n  t h e  magnetosphere. It should,  however, be k e p t  

i n  mind t h a t  t h e  c u r r e n t s  respons.ible f o r  t h e  main phase of t h e  storm flow 

i n  t h e  region wi th  L - 3,whereas a u r o r a l  dis turbances are assoc ia ted  wi th  

processes  i n  t h e  region L - 5 - 6 .  I n  both ins tances ,  t h e  energy i s  der ived 

from d i f f e r e n t  magnetic s h e l l s ;  t h i s  suggests  t h a t  t h e  obtained coincidence of 

t h e  estimates i s  a random occurrence. Apparently, a p o l a r  storm r e q u i r e s  its 

own sources  of energy i n  order  t o  s u s t a i n  i t s e l f .  

The r e s u l t s  of t h e  a n a l y s i s  of t h e  energy balance of a magnetic storm are 

smmarized i n  t h e  t a b l e  which g ives  t h e  t o t a l  energy, t h e  rate of a r r i v a l ,  

and t h e  energy d i s s i p a t i o n  rate a t  d i f f e r e n t  s t a g e s  of development. 
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QUIET SOLAR DAY VARIATIONS OF THE GEOMAGNETIC 

FIELD DURING THE IGY 


IV. VARIATIONS AT HIGH LATITUDES 


A. N. Zaytsev , and Ya. I. Fel'dshteyn 

ABSTRACT. The paper discusses the variations of the magnetic 

field at high latitudes on exceptionally magneto-quiet days 

of the winter season of the IGY. The form and the amplitude of 


variations indicate a close relation between So of high latitudes 
q

and S variations in middle and low latitudes (Figures 1 and 2 ) .
4 

The magnitude and direction of the variation vector Sp + DP
4 

are calculated for five international magneto-quiet days of the 

summer season of the IGY for the observatories of the American 

and Europe - Asia longitude sectors (Figure 5a, b). The mag
nitude of the excluded component of the variation field S 0 was 

4 
determined in deviations from the midnight values of the field 

which physically is better proved than in the commonly applied 

methods when the deviations are determined by the average diumal 

values. 


Figure 7 presents the current system Sp for the five inter
q

national magneto-quiet days of the IGY summer season in the north

ern hemisphere. The current lines are drawn through 10 thousand 


ampere. The S P variation is caused by a vortex with the focus 

on @ % 80" and 
4 
on the 15h meridian. The direction of the current 

is counterclockwise. The SP system corresponds to the closed 

4 

circulation of matter on the boundary of the magnetosphere around 


a neutral line. The statistical current system Sp is confirmed 

4 

by the distribution of the variation field at separate hours 

of Universal Time (Figure 8). 


Research conducted in recent years has shown that even in exceptionally 165 
quiet periods when the daily sum of CK

P 
planetary indexes is only several 


uni':s, there are observed on the polar cap disturbances of the Earths magnetic 


field which have an irregular character in time [l - 31. The magnetic field at 
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l a t i t u d e s  65 - 67" does not  experience notab le  changes a t  t h a t  time. The 

complexity of completely i s o l a t i n g  dis turbances i n  circumpolar regions and 

t h e  sparsenessof  da tahaveprevented  an accura te  determination of t h e  morphology 

of phenomena o r  an explanat ion of t h e i r  connection with t h e  well-researched 

SD and S f i e l d s .  Moreover, according t o  t h e  method accepted i n  t h e  l i t e r a t u r e  
9 

f o r  studying d is turbed  f i e l d s ,  d i s turbances  i n  circumpolar regions are in

cluded i n  S i f  SD i s  c a l c u l a t e d  as t h e  devia t ions  of t h e  f i e l d  on d is turbed
D 

days from i t s  magnitudes on q u i e t  days. 

Data from IPY I1 (conducted during t h e  minimum of t h e  s o l a r  a c t i v i t y  cycle)  

w e r e  analyzed i n  [ 4 ]  t o  determine i f  S
9 

e x i s t s  a t  high l a t i t u d e s .  The a n a l y s i s  

showed t h a t  t h e  p r i n c i p a l  p a r t  of t h e  v a r i a t i o n  f i e l d  a t  h igh- la t i tude  s t a t i o n s  

< 2 is a simple cont inuat ion of t h e  S f i e l d  from low andon days when CK
p - 0  q 

middle l a t i t u d e s  (S  ) . I r r e g u l a r  dis turbances decreased i n  amplitude wi th  
q

the  decrease of CK
P '  

and on except iona l ly  q u i e t  days t h e i r  cont r ibu t ion  t o  

t h e  v a r i a t i o n  f i e l d  w a s  s m a l l .  

Observations a t  high l a t i t u d e s  during t h e  IGYmadeit p o s s i b l e  t o  d is 

t inguish  a supplementary component Sp from t h e  v a r i a t i o n  f i e l d s  a t  high l a t i t u d e s
9 

on i n t e r n a t i o n a l  magneto-quiet days [ 5 , 6 ] .  The quant i ty  Sp is c l e a r l y
q

observed on t h e  magnetograms of i n d i v i d u a l  observa tor ies  during t h e  summer 

i n  dayl ight  hours (even on extremely magneto-quiet days).  As f i v e  i n t e r n a t i o n a l  

magneto-quiet days a month during t h e  maximum s o l a r  a c t i v i t y  cycle  a r e  n o t  

f r e e  from bay dis turbances DP, which are most i n t e n s i v e  i n  t h e  e a r l y  morning 

hours a t  65 - 67" l a t i t u d e s ,  changes of t h e  magnetic f i e l d  a t  high l a t i t u d e s  f o r  

f i v e  magneto-quiet days can be given i n  t h e  form 

S = SgO +S: f D P .  

Detai led research of SP w a s  completed using d a t a  from t h i r t e e n  high
q 

l a t i t u d e  observa tor ies  i n  t h e  nor thern  hemisphere and seven i n  t h e  southern [ 6 ] .  

The d a i l y  mean va lue  f o r  f i v e  i n t e r n a t i o n a l  q u i e t  days f o r  each season individ

u a l l y  was taken as  a s tandard  of magnitude readings f o r  t h e  v a r i a t i o n  

f i e l d .  Equivalent cur ren t  systems f o r  summer and winter ,  which are responsible  /86 
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f o r  t h e  observed space-time d i s t r i b u t i o n  of t h e  v a r i a t i o n  f i e l d ,  a r e  c i t e d  i n  

[6] .  The cur ren t  systems i n  t h e  nor thern  and southern p o l a r  caps are completely 

a l i k e .  The exclusion of So w a s  accomplished by graphic  deduction from t h e  
q

t o t a l  cur ren t  system of p a r t  of t h e  f i e l d ,  due t o  t h e  flow of S
9 

cur ren ts  

from middle l a t i t u d e s  t o  high l a t i t u d e s .  

The S0 f i e l d  w a s  c a l c u l a t e d  f o r  f i v e  magneto-quiet days by c a l c u l a t i n g  
q

t h e  d a i l y  mean value of t h e  f i e l d  f o r  s t a t i o n s  wi th  geographical  l a t i t u d e s  

from 55"N t o  55"s and ex t rapola t ing  i t  t o  high l a t i t u d e s  on t h e  b a s i s  of 

d a t a  from a s p h e r i c a l  a n a l y s i s  of S
4' 

I n  [ 7 ,  81 i t  w a s  mentioned t h a t  t h e  

amplitude and form of S -var ia t ions  a t  middle and low l a t i t u d e s  during t h e  IGY 
q 

are not  detergined simply by geographical l a t i t u d e .  Therefore,  e x t r a p o l a t i o n  

t o  high l a t i t u d e s  on t h e  b a s i s  of s p h e r i c a l  a n a l y s i s  d a t a ,  which w a s  conducted 

with t h e  v a r i a b l e s  "geographical l a t i t u d e - l o c a l  t i m e  ,'I is  hard ly  v a l i d .  The 

DP f i e l d  w a s  not  e l iminated,  a s  i t  w a s  assumed t h a t  i t  is  small  on magneto-

q u i e t  days. 

The r e s u l t i n g  Sp cur ren t  system [6] f o r  l o c a l  summer i s  charac te r ized  by
q 

two vor texes  , s i m i l a r  and of approximately equal i n t e n s i t y ,  with no condensation 

of cur ren t  l i n e s ,  which are symmetrical r e l a t i v e  t o  t h e  pole  and l i m i t e d  by a 

c i r c l e  of l a t i t u d e  65". The circumpolar region wi th in  t h e  l i m i t s  of @ -> 80" 

i s  covered by a uniform cur ren t  l a y e r  with an o v e r a l l  i n t e n s i t y  of 150,000 amps, 

flowing from t h e  night t ime s i d e  of t h e  Earth t o  t h e  daytime, p a r a l l e l  t o  t h e  

23- and 11-hour meridians.  Foci of both vortexes a r e  a t  @ 2, 78" on t h e  6- and 

18-hour meridians.  The cur ren t  system during l o c a l  win ter  i s  s i m i l a r  t o  

summer, but  i t s  i n t e n s i t y  i s  t h r e e  t i m e s  less. Having compared t h e  cur ren t  
hsystem obtained by a s t a t i s t i c a l  method and t h e  s p e c i f i c  d i s turbance  of 12 UT, 

24 May 1958 [ 9 ] ,  w e  see an agreement between t h e  average cur ren t  system by 

f i e l d  d i s t r i b u t i o n  i n  an ind iv idua l  case. However, cur ren t  d i r e c t i o n s  on t h e  

polar  cap are somewhat var ied.  A physical  i n t e p r e t a t i o n  of these  r e s u l t s  i s  

given i n  a diagram of magnetospheric c i r c u l a t i o n  [ l o ] .  

The c h a r a c t e r i s t i c s  of geomagnetic v a r i a t i o n s  f o r  f i v e  i n t e r n a t i o n a l  

q u i e t  days during t h e  IGY ' w e r e  a l s o  s tud ied  i n  [ll]i n  terms of t h e  devia t ions  
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from d a i l y  mean values .  To expla in  t h e  d i f f e r e n c e s  between S
4 

v a r i a t i o n s  i n  

win ter  and summer, i t  is  assumed t h a t  some kind of supplementary mechanism 

causes symstematic changes i n  t h e  Ear th ' s  magnetic f i e l d  i n  p o l a r  regions,  

i n  addi t ion  t o  t h e  continuous mechanism. This supplementary mechanism generates  

a zonal c u r r e n t  system which becomes s t r o n g e r  during t h e  dayl ight  hours i n  

circumpolar regions [12],and which flows from w e s t  t o  east. When t h e  i n t e n s i t y  

and l o c a t i o n  of c u r r e n t  vortexes i s  s i m i l a r  [6, 9 ,  1 1 1 ,  t h e  cur ren t  system [ l l ]  

f o r  summer i s  s i g n i f i c a n t l y  d i f f e r e n t  from [6,  91:* vor texes  on t h e  per iphery 

are charac te r ized  by a condensing of cur ren t  l i n e s  a t  64 - 68" l a t i t u d e s  i n  

t h e  post-midnight hours and a t  69 - 73" i n  t h e  post-noon hours.  Evidently 

t h i s  i s  caused by a more complete u t i l i z a t i o n  of observa t iona l  m a t e r i a l s  

( s ix teen  observa tor ies  compared with seven i n  [ 6 ] ) ,  and by t h e  p o s s i b l i t y  of 

more d e t a i l e d  c a l c u l a t i o n  of DP dis turbances.  These a t t a i n  g r e a t e s t  i n t e n s i t y  

a t  @ % 64 - 68" i n  post-midnight hours and undoubtedly appear i n  t h e  f i v e  

i n t e m a t i o n a l  q u i e t  days. Thus, t h e  assumption about t h e  l a c k  of DP 

during t h e  i n t e m a t i o n a l  magneto-quiet days, which l i es  a t  t h e  b a s i s  of t h e  

i s o l a t i o n  of t h e  Sp f i e l d  i n  [5  - 61, i s  not  corroborated.  
4 


During research  of SD-var ia t ions  a t  high l a t i t u d e s  duriv!.: t h e  I G Y  [13, 141 , 
i t  becomes evident  t h a t  t h e  f i e l d  d i s t r i b u t i o n  observed i n  l o c a l  summer cannot 

be explained by a c u r r e n t  system connected only by e l e c t r o j e t  streams. On t h e  

polar  cap i n  t h e  summer t h e r e  i s  a supplementary dis turbance f i e l d  where Sp could 
q

have a somewhat d i f f e r e n t  i n t e n s i t y  compared with t h e  Sp of q u i e t  days. This 
q

st imulated t h e  i n v e s t i g a t i o n  of magnetic f i e l d  v a r i a t i o n s  a t  high l a t i t u d e s  /87 
and on magneto-quiet days. Besides t h i s ,  t h e i r  c h a r a c t e r i s t i c s  on very q u i e t  

days i n  t h e  circumpolar region are of genera l  i n t e r e s t ,  a s  SP-var ia t ions  can 
q

t h e o r e t i c a l l y  be used t o  study t h e  c i r c u l a t i o n  of matter i n  remote p a r t s  of 

t h e  magnetosphere. The determination of t h e  v a r i a t i o n  f i e l d  from t h e  d a i l y  

mean values  i s  phys ica l ly  not  s u f f i c i e n t l y  v a l i d  [7 ,  151. Therefore,  i t  i s  

poss ib le  t h a t  t h e  Sp c u r r e n t  system changes e s s e n t i a l l y ,  i f  t h e
4 

reading is taken from night t ime levels [7 ,  15,  161 and n o t  as i s  done i n  

[ 5 ,  6 ,  111. Besides, f i e l d  v a r i a t i o n s  of t h e  DP type w e r e  no t  excluded i n  

- ~. . .  

*Translator 's  note:  There i s  an apparent omission i n  Russian t e x t .  
i 
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[5 ,  61. Therefore,  t h e  SP c u r r e n t  system obtained i n  t h e s e  works is, i n  f a c t ,
4 

t h e  sum of Sp +- DP. 
q 

A d i r e c t  survey of magnetograms on except iona l ly  q u i e t  days of summer 

on t h e  p o l a r  cap showed t h a t  changes of t h e  f i e l d  can be divided i n t o  two 

types,  according t o  t h e i r  na ture :  smooth So v a r i a t i o n s  with a per iod of s o l a r  
q

days [ 4 ] ,  which is no doubt a cont inuat ion a t  high l a t i t u d e s  of t h e  middle-

and low-lat i tude p a r t  of t h e  S cur ren t  system, and q u i t e  i r r e g u l a r  Sp changes
q q

which reach a maximum amplitude i n  t h e  hours around noon. Moreover, even i n  

such except iona l ly  magneto-quiet days b r i e f  bay-type d is turbances  are observed 

which are connected w i t h .  t h e  ova l  cur ren t  zone ( p o l a r  e lec t ro-cur ren t )  and t h e  

m a x i m u m  i n t e n s i t y  at  e a r l y  morning hours. 

I n  win ter ,  as i s  seen from t h e  magnetograms, on q u i e t  days Sp does n o t  
q

c o n t r i b u t e  g r e a t l y  t o  t h e  change of t h e  magnetic f i e l d ,  as i t  depends e s s e n t i a l l y  

on t h e  season. Therefore,  choosing except iona l ly  q u i e t  days i n  t h e  win ter  months, 

i t  can b e  assumed t h a t  changes of t h e  f i e l d  a f t e r  t h e  e l imina t ion  of b r i e f  

bay dis turbances w i l l  b e  b a s i c a l l y  determined by So
4 
, which is  a cont inuat ion 

of t h e  middle and low l a t i t u d e  S cur ren t  system at  high l a t i t u d e s .  Cer ta in  
q

v a r i a t i o n s  i n  X-, Y-, Z-components of t h e  geomagnetic f i e l d  must b e  observed 

a t  high l a t i t u d e s ;  t h e i r  amplitude must decrease as t h e  pole  i s  approached. 

This decrease is connected with t h e  f a c t  t h a t  i n  t h e  win ter  i n  t h e  circum

p o l a r  regions t h e  ionosphere a t  t h e  E-layer level has  no i l lumina t ion  from 

s o l a r  rays  a l l  day long;  and consequently, t h e r e  are no v a r i a t i o n s  which are 

caused by a change of i l lumina t ion  of t h e  E-layer during a 24-hour period. 

To i s o l a t e  S0 at  high l a t i t u d e s ,  i t  is necessary t o  use except iona l ly
q

q u i e t  per iods  t o  decrease t h e  inf luence  of b r i e f  d i s turbances  as much as 

poss ib le .  During t h e  IGY,  magnetic dis turbances at  high l a t i t u d e s  were almost 

continuously observed, and such q u i e t  i n t e r v a l s  w e r e  an inf requent  occurrence. 

During t h e  per iod November 1957 - February 1958 and November - December 1958, 

t h e  days of November 30 and December 1, 1958, w e r e  an except iona l ly  magneto-

q u i e t  i n t e r v a l .  Their  d a i l y  sum of KP-indexes w a s - 3+ and 4+. 
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Figure 1. Var ia t ions  i n  l o c a l  t i m e  of t h e  X-, Y-, Z- components 
of t h e  geomagnetic f i e l d  at  high a l t i t u d e  s t a t i o n s  f o r  t h e  
per iod  November 30 - December 1, 1958. S t a t i o n s  are arranged 
i n  decreasing order  of geographical l a t i t u d e .  

I n  Figure 1 t h e  d a i l y  changes (according t o  l o c a l  time) of X-, Y-, and 

Z-components of t h e  v a r i a t i o n  f i e l d  are shown f o r  t h e s e  two days. Brief  

dis turbances observed a t  i n d i v i d u a l  s t a t i o n s  are excluded. The scale, which 
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i s  the  same f o r  a l l  t h r e e  elements,  i s  given i n  t h e  lower l e f t  hand corner.  

The s t a t i o n s  are arranged i n  decreasing order  of geographical l a t i t u d e .  A t  

$I % 80",regular  changes of t h e  magnetic f i e l d  of t h e  S middle- la t i tude type
q

i n  X- and Y-components are absent ,  and the  magnitude of t h e  v a r i a t i o n s  is 

s m a l l .  A t  $I % 70 - 73", P-type v a r i a t i o n s  are observed i n  X- and Y-components, 

these  v a r i a t i o n s  a r e  t y p i c a l  f o r  middle- la t i tude s t a t i o n s  loca ted  near t h e  pole  
from t h e  f o c a l  po in t  of t h e  S

4
-current  system. Maximum d e v i a t i o n s  of X from n i g h t --

t i m e  va lues  a r e  observed i n  t h e  hours around noon. I n  t h e  pre-noon hours t h e  

northern component i n c r e a s e s ,  a n d i t  decreases  i n  t h e  post-noon hours.  Thus, t h e  188 

charac te r  of magnetic f i e l d  v a r i a t i o n s  i n  except iona l ly  q u i e t  i n t e r v a l s  a t  high 

l a t i t u d e s  t o  $I % 73" i s  analogous t o  t h e  middle l a t i t u d e  ones. Nearer t o  . 

t h e  pole ,  sys temat ic  v a r i a t i o n s  of t h e  middle l a t i t u d e  S type a r e  p r a c t i c a l l y
q

non-existent.  

It should be s t r e s s e d  t h a t  a change of t h e  v a r i a t i o n  form (appearance of 

c h a r a c t e r i s t i c  middle l a t i t u d e  type and t h e  absence of systematic  v a r i a t i o n s  

i n  t h e  circumpolar region)  is cont ro l led  more by geographical l a t i t u d e  than by 

geomagnetic l a t i t u d e  o r  i n c l i n a t i o n .  This i s  revealed c l e a r l y  when d a t a  from 

eastern and western hemisphere s t a t i o n s  are compared, f o r  which there  i s  a maximum 

d i f f e r e n c e  between geomagnetic and geographical l a t i t u d e s  i s  maximum. The Mur- 9
chison-Baker Lake and Cape Chelyuskin-Churchill s t a t i o n s  are loca ted  a t  approxim

a t e l y  the  same geomagnetic l a t i t u d e s ,  but  t h e i r  geographical coordinates  d i f f e r  

by % 15 - 19'. A t  Baker Lake and Churchi l l ,  loca ted  a t  lower geographical l a t i t 

udes, q u i e t  s o l a r  day v a r i a t i o n s  are observed j u s t  as they are a t  middle l a t i t 

udes. systematic  v a r i a t i o n s  are absent  a t  t h e  Murchison and Cape Chelyuskin 

s t a t i o n .  

The c lose  connection between t h e  f i e l d  v a r i a t i o n s  a t  high l a t i t u d e s  on 

November 30 - December 1, 1958, and t h e  S v a r i a t i o n s  a t  middle and low l a t i t u d e s  q 
a l s o  r e s u l t s  from t h e  wide d i s t r i b u t i o n  of ATho r -- maximum value  of t h e  v a r i a 

t i o n  vector  i n  a h o r i z o n t a l  plane,  shown i n  Figure 2 .  Data f o r  low and m i d d l e  

l a t i t u d e  s t a t i o n s  are taken from [16] and p e r t a i n  t o  t h e  win ter  of 1957 
1958. A s  is seen , t h e  amplitude of AThor decreases  monotonically from low 

l a t i t u d e s  t o  high l a t i t u d e s ,  and d ispers ion  at high l a t i t u d e s  due t o  i n c l i n a t i o n .  
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bo1 =: 
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AThor, 
Figure 2.  D i s t r i b u t i o n  of t h e  v a r i a t i o n  vec tor  

amplitude i n  a h o r i z o n t a l  plane f o r  win ter  
1957 - 1958 a t  middle and low l a t i t u d e s  of t h e  
nor thern  hemisphere and f o r  November 30 -
December 1, 1958,at  high l a t i t u d e s ,  geo
graphic  l a t i t u d e  (a )  and d i r e c t i o n  (b). 

Analyzing t h e  change of t h e  

f i e l d  i n  except iona l ly  q u i e t  

per iods  makes it p o s s i b l e  t o  

determine t h e  ex is tence  of 

So - v a r i a t i o n  a t  high l a t i t u d e s ,
9 

which is due t o  t h e  extension 

of t h e  middle and low l a t i t u d e  

S c u r r e n t  system at high la t 
9 

i t u d e s .  Therefore ,  t h e  reasons 

�or  t h e  n e c e s s i t y  of an S 
4 

v a r i a t i o n  f i e l d  determination 

from va lues  obtained i n  t h e  

hours around midnight,  which 

are phys ica l ly  more v a l i d ,  

n a t u r a l l y ,  extend a l s o  t o  t h e  

high l a t i t u d e s .  Moreover , 
t h i s  a n a l y s i s  showed a lack  

of type Sp v a r i a t i o n s  i n  t h e  
4 

circumpolar region i n  win ter ,  

by more than 1 O Y  . 

It is  impossible t o  i s o l a t e  t h e  summer So v a r i a t i o n  by using t h e  method 
q

u t i l i z e d  f o r  winter .  I n  f a c t ,  t h e  q u i e t e s t  i n t e r v a l s  i n  t h e  summer of 1958 

w e r e  May 23 and May 24 when t h e  d a i l y  sum of KP w a s  80 and 4+, respec t ive ly .  

A survey of magnetograms from high l a t i t u d e  observa tor ies  f o r  t h e s e  days showed _ -190 

t h a t  i n  summer as w e l l  as i n  win ter  t h e r e  a r e  smooth changes of t h e  So f i e l d  and
9 

SP v a r i a t i o n s ,  appear mostly i n  d a y l i g h t  hours.
9 

If S0 i n  summer is  a l s o  an extension t o  h igh  l a t i t u d e s  of t h e  middle and 
q

low l a t i t u d e  S9 
system, then t h e  magnitude of So a t  high l a t i t u d e s  i n  summer 

q 
can be determined from t h e  ra t io  
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where K is  t h e  c o e f f i c i e n t ,  al lowing f o r  a change of i n t e n s i t y  i n  t h e  S cur ren t  
0system i n  t h e  t r a n s i t i o n  from winter  t o  summer; ‘q win i s  t h e  X-, Y-, Z-variations 

a t  h igh  l a t i t u d e  s t a t i o n s  i n  except iona l ly  q u i e t  i n t e r v a l s  i n  win ter  ( see  

Figure 1). 

The c o e f f i c i e n t  K i s  determined according t o  t h e  change of i n t e n s i t y  

of t h e  middle l a t i t u d e  c u r r e n t  system. I n  [17, 81 i t  i s  shown t h a t  i n  t h e  

t r a n s i t i o n  from w i n t e r  t o  summer t h e  i n t e n s i t y  of t h e  cur ren t  system a t  middle 

l a t i t u d e s  increases  1 .7  t i m e s ,  according t o  da ta  from s t a t i o n s  i n  t h e  American 

. longi tudina l  s e c t o r ,  and 2 . 6  times according t o  d a t a  from s t a t i o n s  i n  Europe 

and Asia. These va lues  w e r e  a l s o  taken f o r  t h e v a l u e o f  K i n  (2) .  

0
S4 v a r i a t i o n s  both i n  win ter  and i n  summer w e r e  measured from va lues  of 

t h e  f i e l d  i n  t h e  hours  around midnight i n  except iona l ly  magneto-quiet per iods:  

November 30 - December 1 f o r  t h e  winter ,  and May 23-24  f o r  summer. The 

SP c o n t r i b u t i o n  t o  t h e  v a r i a t i o n  of t h e  f i e l d  is minimal during t h e s e  hours ,  
q 

but  using t h e  q u i e t e s t  i n t e r v a l s  e l iminated a p o s s i b l e  c o n t r i b u t i o n  from t h e  

DP f i e l d .  However, t h e  midnight f i e l d  magnitudes d i f f e r  somewhat i n  win ter  

and i n  summer. Changes i n  t h e i r  level w e r e  analyzed f o r  low and middle l a t i t u d e  

s t a t i o n s  i n  [18]. It w a s  shown t h a t  t h e  d i f f e r e n c e  i n  t h e . h o u r s  around midnight 

of t h e  D- and Z-components does not  change s y s t e m a t i c a l l y  with l a t i t u d e ,  bu t  i n  

t h e  H-component t h e  f i e l d  i s  g r e a t e r  i n  summer than i n  w i n t e r ,  and \AH1 
decreases  with a decrease of geographical l a t i t u d e .  I n  Figure 3 ,  I AH I according 

t o  middle and low l a t i t u d e  observa tor ies  from [18] are supplemented by high 

l a t i t u d e  s t a t i o n s .  

The tendency recorded e a r l i e r  toward a monotonic i n c r e a s e  of I AH 1 toward 

high l a t i t u d e s  i s  corroborated by supplementary da ta .  The r e g u l a r  change of 

I A H I  connects i t  with changes of t h e  s o l a r  i l l u m i n a t i o n  of t h e  E-layer of t h e  

ionosphere. This i s  e s p e c i a l l y  s i g n i f i c a n t  on t h e  p o l a r  cap, as i l lumina t ion  

i n  win ter  is absent  f o r  t h e  whole day, bu t  whereas i n  summer t h e r e  

i s  i l lumina t ion  a l l  day long. Such an i n t e r p r e t a t i o n  of t h e  change i n  t h e  

level of t h e  f i e l d  i n  t h e  hours around midnight a t t r i b u t e s  them t o  seasonal  
0

v a r i a t i o n s  i n  t h e  i n t e n s i t y  of t h e  S
9 

cur ren t  system from winter  t o  summer. 
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301 * *  

20,j;*. 
Figure 3.  Varia t ion  with geo

graphic  l a t i t u d e  of t h e  d i f 
fe rence  between t h e  h o r i z o n t a l  
component i n  q u i e t  per iods a t  
hours around midnight i n  summer 
and winter .  

N Scale  

I n  Figure 4 ,  vector  diagrams of 

d a i l y  v a r i a t i o n s  are shown i n  a h o r i z o n t a l  

plane f o r  t h e  Thule, Resolute Bay, Godhavn, 

Churchi l l ,  and College s t a t i o n s  f o r  f i v e  

i n t e r n a t i o n a l  q u i e t  days during t h e  per iod 

of May-August , 1958. So v a r i a t i o n s  
q


c a l c u l a t e d  �or  t h e  summer by t h e  above-

mentioned method are excluded. The letter 

N i n d i c a t e s  t h e  d i r e c t i o n  toward t h e  p o i n t  

a t  which t h e  l i n e  of f o r c e  comes from 

i n f i n i t y  [19, 201. A t  t h e  circumpolar 

s t a t i o n s  of Thule and Resolute Bay, t h e  

v a r i a t i o n  vec tor  r o t a t e s  clockwise, and i t s  

magnitude exceeds 100 y a t  ind iv idua l  t i m e s .  

In t h e  Godhavn observatory,  i t s  magnitude /91 
is  somewhat less but  r o t a t i o n  changes 

during t h e  day. From 22 t o  11h UT it i s  

clockwise; t h e  remainder of t h e  day, i t  is 

.N 

Churc h i11 
E 

.' 

Figure 4 .  Vector diagrams of d a i l y  v a r i a t i o n s  i n  a h o r i z o n t a l  
p lane  a t  observa tor ies  a t  Thule, Resolute Bay, Godhavn, Churchi l l  and 
College. UT t i m e .  
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counterclockwise. Var ia t ions  of X- and Y-components are approximately t h e  same 

a t  a l l  t h r e e  observator ies .  Changes of t h e  f i e l d  at  t h e  Churchi l l  s t a t i o n  

are due t o  a b a s i c v a r i a t i o n  of X-components which are g r e a t e s t  i n  t h e  evening 

and a r e  d i r e c t e d t o w a r d t h e  pole  a t  t h e s e  hours.  The d i r e c t i o n  of v e c t o r  

r o t a t i o n  i s  pr imar i ly  counterclockwise. A t  t h e  College s t a t i o n ,  l o c a t e d  a t  

l a t i t u d e  64.9", v a r i a t i o n s  of t h e  X- and Y-componentsof t h e  f i e l d  are 

i n s i g n i f i c a n t .  I n  t h e  moming hours ,  p r imar i ly  nega t ive  changes of t h e  X
components are observed. 

Such vec tor  diagrams w e r e  ca lcu la ted  f o r  seventeen high l a t i t u d e  s t a t i o n s  

i n  t h e  nor thern  hemisphere. Di f fe r ing  only i n  d e t a i l s  f romthosepresented  

i n  Figure 4,  they b a s i c a l l y  remain t h e  same,par t icular ly  regarding changes i n  form 

and i n t e n s i t y  of v a r i a t i o n s  with l a t i t u d e .  It can be concluded from an  a n a l y s i s  

of d a t a  from a l l  seventeen observa tor ies  t h a t  AThor  f o r  f i v e  i n t e r n a t i o n a l  

q u i e t  days is most i n t e n s e  i n  circumpolar regions,  and decreases  with increas

i n g d i s t a n c e f r o m  t h e  pole. It must b e  noted t h a t  t h e  va lues  of AThot  ca lcu la ted  

according t o  formula (1) represent  t h e  sum of Sp and t h e  DP f i e l d s .
4 

I n  p l o t t i n g  t h e  space-time d i s t r i b u t i o n  of t h e  v a r i a t i o n  vec tor  components 

i n  h o r i z o n t a l  and v e r t i c a l  planes i n  p o l a r  coordinates  (corrected geomagnetic 

l a t i t u d e  -- t i m e  of t h e  e c c e n t r i c  d ipole)  using observa t iona l  materials from 

a l l  s t a t i o n s  , some d i f f e r e n c e  between v a r i a t i o n s  w a s  revealed i n  observat ions 

from American and Eurasian l o n g i t u d i n a l  s e c t o r s .  This  d i f f e r e n c e  cons is ted  of 

a s h i f t  of approximately 2 "hours" i n  t h e  v a r i a t i o n  phase of post-noon hours a t  

I$ Q 70" and a d i f f e r e n t  v a r i a t i o n  vec tor  i n  t h e  moming hours  a t  I$ % 65". 

Therefore,  t h e  space-time d i s t r i b u t i o n  of t h e  v a r i a t i o n  v e c t o r  w a s  s tud ied  

s e p a r a t e l y  f o r  each s e c t o r ,  but  t h e  circumpolar s t a t i o n  a t  Thule w a s  included 

i n  both s e c t o r s .  

The d i s t r i b u t i o n  of v e c t o r s  f o r  t h e  American s e c t o r  i s  given i n  Figure 5aY /92 
and f o r  t h e  Eurasian s e c t o r  i n  Figure 5b. The d i r e c t i o n  of t h e  v a r i a t i o n  

v e c t o r  i n  t h e  h o r i z o n t a l  plane i s  shown by arrows. The l e n g t h  of  t h e  arrow 

cortesponds t o  t h e  magnitude of AThor  ' without separa t ing  t h e  f i e l d  of external 
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Figure 5. Space-time 
d i s t r i b u t i o n  of vec tor  
v a r i a t i o n  ~6 + DP f o r  
f i v e  i n t e r n a t i o n a l  magneto-
q u i e t  days of summer of 
IGY. 

(a) American s e c t o r  (observ
a t o r i e s  a t  Thule, Resolute 
Bay, Godhavn, Baker Lake 
Churchi l l ,  College, Minuka) ; 

(b) Eurasian s e c t o r  (ob,=eIT

0' 

12h 

a t o r i e s  a t  Thule, Murchi
son , Cape Chelyuskin , 
Dixon, T i k s i  Bay, 
Sodankylya, Welland) . 
The arrows c h a r a c t e r i z e  
magnitude and d i r e c t i o n  
of t h e  AThor vector .  
Figures  a t  t h e  base g ive  
magnitude of A Z .  System 
of coordinates  - correc ted  
geomagnetic l a t i t u d e  and 
cor rec ted  geomagnetic time 
according t o  [19,20]. 
Scale is given i n  t h e  
upper le f thand  c o m e r .  
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-- 

and i n t e r n a l  sources.  The numbers a t  t h e  base of t h e  arrow give  t h e  value of 

AZ a t  t h e  corresponding hour of l o c a l  geomagnetic t i m e ,  taking account of t h e  

s i g n  f o r  t h e  ver t ical  component change. Negative va lues  correspond t o  t h e  AZ 
vector ,  d i r e c t e d  toward t h e  zeni th .  The d i r e c t i o n  and va lue  of AThor  and AZ 

i n d i c a t e  t h e  presence of an i n t e n s e  closed cur ren t  ( i n  terms of ionospheric  

cur ren t  systems) a t  l a t i t u d e s  70 - 90" i n  daytime post-noon hours ,  and of 

a cur ren t  with a wes ter ly  d i r e c t i o n  along t h e  ova l  zone of t h e  aurora  p o l a r i s ,  

which i s  most i n t e n s e  i n  t h e  post-midnight hours a t  I$ % 65'. 

The ex is tence  of AThor  d i r e c t e d  toward t h e  equator  i n  t h e  morning hours  

a t  @ % 65" i n d i c a t e s  the .presence  of DP-disturbances i n  f i e l d  v a r i a t i o n s  during 

t h e  f i v e  i r i t e rna t iona l  q u i e t  days. The most important c h a r a c t e r i s t i c  of these  

d is turbances  is t h e  westerly-directedelectrocurrent a t  a l l  longi tudes wi th in  

t h e  oval  zone of t h e  aurora  p o l a r i s  [13, 14, 211. The d i f f e r e n c e  of AThor  i n  

t h e  two l o n g i t u d i n a l  s e c t o r s  i n  t h e  post-midnight hours a t  @ % 65' is  evident ly  

caused by a d i f f e r e n t  level of p lane tary  magnetic d i s turbance  when t h e  observ- 193 
a t o r i e s  i n  t h e  American and Eurasian l o n g i t u d i n a l  s e c t o r s  reach t h e  pos t -

midnight s i d e  of t h e  Earth.  I n  f a c t ,  c a l c u l a t i o n s  have shown t h a t  t h e  sum of 

a
P

-indexes f o r  twenty i n t e r n a t i o n a l  magneto-quiet days during t h e  summer a t  

2 1  - 24h UT is  1 3 4 ,  but a t  6 - 9h it  is 85. The approximate method descr ibed 

i n  [22] w a s  used t o  c a l c u l a t e  t h e  i n t e n s i t y  of t h e  cur ren t  system which i s  

responsible  f o r  t h e  observed d i s t r i b u t i o n  of t h e  v a r i a t i o n  f i e l d  on t h e  s u r f a c e  

of t h e  Earth.  I n  v i s u a l  form, t h i s  c u r r e n t  system gives  a genera l ized  

schematic representa t ion  of t h e  va lue  and d i rec t ion .  of t h e  v a r i a t i o n  vector .  

The e x t e r i o r  source cur ren t  system f o r  t h e  American l o n g i t u d i n a l  s e c t o r  

f o r  q u i e t  days i n  summer is  given i n  Figure 6. The c u r r e n t  system c o n s i s t s  

of two vor texes  on thenightlmorning and af temoon/evening s i d e s  of t h e  Earth.  

The American longi tudina l  s e c t o r  w a s  s e l e c t e d  because t h e  DP f i e l d  on q u i e t  

days during t h e  IGY w a s  considerably smaller a t  t h e  American s t a t i o n s  than 

a t  t h e  Eurasian s t a t i o n s .  Therefore,  wi th  t h e  subsequent e l imina t ion  of t h e  

DP p a r t  from t h e  Sp t DP r e s u l t i n g  cur ren t  system, t h e  e r r o r  i n  the Sp cur ren t  
q 9 

system w i l l  be  smaller f o r  t h e  American s e c t o r  than f o r  t h e  Eurasian.  The 

cur ren t  vor tex  which r e s u l t s  from negat ive  changes of ATho r a t  l a t i t u d e s  65" 
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i n  t h e  morning hours i s  a consequence of 

t h e  s m a l l  i n t e n s i t y  of t h e  DP-disturbances. 

These occurred during t h e  IGY even on 

/ ‘  	 i n t e r n a t i o n a l  magneto-quiet days. The 

cur ren t  vor tex  i n  circumpolar regions is 
s t r i c t l y  an SP-variation of t h e  magnetic

9 
\ f i e l d ,  w h i c h  reaches considerable  inten

’A-l\ \ I  , 16”sity even on q u i e t  days in ,  summer. The 

r 4‘ 
Figure 6. Current system, giving a 

schematic representa t ion  of t h e  mag
n i t u d e  and d i r e c t i o n  of v a r i a t i o n  
v e c t o r  S( + DP on t h e  Earth’s  
s u r f a c e  on f i v e  i n t e r n a t i o n a l  
magneto-quiet days of t h e  summer 
of t h e  IGY f o r  t h e  American longi
t u d i n a l  s e c t o r .  
The cur ren t  l i n e s  are drawn 
through 10,000A. Arrows in
d i c a t e  cur ren t  d i r e c t i o n .  The 
por t ion  of c u r r e n t s  ind ica ted  
i n  t h e  Earth i s  taken i n t o  
account. 

condensation of t h e  cur ren t  l i n e s  i n  
/I94 

Figure 6 corresponds t o  t h e  g r e a t e s t  

va lues  of AThor  and t o  t h e  s i g n  change 

of AZ. Due t o  SP-var ia t ions ,  t h e  
9 

f o c a l  po in t  of t h e  c u r r e n t  vor tex  is 
loca ted  a t  4 2, 80° on t h e  15-hour 

meridian f o r  t h e  American l o n g i t u d i n a l  

s e c t o r  and on t h e  17-hour meridian f o r  

t h e  Eurasian l o n g i t u d i n a l  s e c t o r .  

Assuming t h a t  t h e  e l e c t r o c u r r e n t  

of t h e  DP cur ren t  system i s  l o c a t e d  

along t h e  ova l  zone of the aurora 

p o l a r i s  i n  both summer and w i n t e r ,  

t h e  cur ren t  system w a s  separated i n t o  

p a r t s  (Figure 6) which correspond t o  SP Q

and DP. Radar observat ions of reflec

t i o n s  from regions of unusual i o n i z a t i o n ,  

corresponding with o p t i c a l l y  observed aurora , showed that t h e  ova l  zone of t h e  

aurora  a c t u a l l y  i s  t h e  same i n  summer as i n  win ter  [23, 241 and its p o s i t i o n  

experiences  analogous d a i l y  v a r i a t i o n s .  

The Sp cur ren t  system is represented i n  Figure 7.  The Sp system,
9 9 

according t o  our d a t a ,  i s  e s s e n t i a l l y  d i f f e r e n t  from t h e  one obtained i n  [ f ,  61, 

and i n  no event  can it  be explained by t h e  system of convective movements 

i n  t h e  magnetosphere proposed by V. I. Oxford and K. 0. Heinz. The system of 
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17'' 

DFigure 7. Current system Sq f o r  
f i v e  i n t e r n a t i o n a l  magnetoquiet days 
of t h e  summer during t h e  IGY.  Current 
l i n e s  pass  through 10,000 A. Arrows 
show t h e  d i r e c t i o n  of t h e  current .  

c u r r e n t s  corresponds more t o  a 

closed c i r c u l a t i o n ,  analogous t o  

t h e  movement of matter on t h e  edge 

of t h e  magnetosphere around a 

n e u t r a l  po in t  [25].  The l o c a t i o n  

of t h e  n e u t r a l  point  a t  Q % 80' i s  

explained by t h e  corresponding /95
r e l a t i o n s h i p  of s t a t i c  and dynamic 

pressure  i n  t h e  s o l a r  plasma [26]. 

The s tudy  [ l l ]  g ives  t h e  f i e l d  

v e c t o r  d i s t r i b u t i o n  a t  high l a t i t u d e s  

of t h e  southern hemisphere a t  

1 6h m  UT on t h e  magneto-quiet day 

December 12,  1958,during a 

chromosphere f l a r e .  It i s  noted 

t h a t  t h e  v a r i a t i o n  d i s t r i b u t i o n  of 

t h e  magnetic f i e l d  a t  t h e  moment 

i s  connected n e i t h e r  with t h e  middle 

l a t i t u d e  n o r  with t h e  high Lat i tude 

well-known cur ren t  systems which 

are respons ib le  f o r  S -var ia t ions .  
q 

Rather it is formed by a hypothe t ica l  zonal system of cur ren ts .  According t o  

Figure 7, by comparing t h e  v e c t o r  d i s t r i b u t i o n  [ l l ]  of t h e  Sp cur ren t  system,
4 

it  is poss ib le  t o  d e t e c t  a remote analogy between them, d e s p i t e  a c a r d i n a l  

d i f fe rence .  Considering t h e  r e s u l t s  of [ll, 121 , i t  can b e  assumed t h a t  t h e  

geomagnetic e f f e c t  of a s o l a r  chromosphere f l a r e  a t  high l a t i t u d e s  c o n s i s t s  

of a b r i e f  i n t e n s i f i c a t i o n  of Sp ( i n  t h e  same way a s  occurs from S a t  middle 
q q

l a t i t u d e s ) .  However, t h e  zonal  cur ren t  system according t o  1111 d i f f e r s  from 

t h a t  presented i n  Figure 7, both i n  d i r e c t i o n  and i n  l o c a t i o n  of t h e  cur ren ts .  

The average Sp cur ren t ' sys tem ( s e e  Figure 7) is v e r i f i e d  a l s o  by t h e  
q

d i s t r i b u t i o n  of t h e  v a r i a t i o n  f i e l d  at ind iv idua l  hours of except ional ly  
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magneto-quiet days. The d i s t r i b u t i o n  of AThor and AZ f o r  May 24, 1958, a t  

11 - 12h UT is presented i n  Figure 8, according t o  d a t a  from seventeen 

magnetic observa tor ies .  A t  a l l  s t a t i o n s ,  with t h e  exception of t h e  Churchi l l  

observatory during t h e s e  hours,  f i e l d  v a r i a t i o n s  are determined by t y p i c a l  

b r i e f  bay dis turbances.  From t h e  d a t a  c i t e d ,  i t  fol lows t h a t  t h e  d i r e c t i o n  

and magnitude of AThor  and A2 can b e  explained by t h e  ex is tence  of one cur ren t  

vor tex  i n  t h e  circumpolar region on t h e  post-noonlevening s i d e  of t h e  Earth.  
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Figure 8. D i s t r i b u t i o n  of v a r i a t i o n  
v e c t o r  of AThor and A2 f o r  May 24, 1958, 
a t  11 - 12h UT. The d i r e c t i o n  toward 
t h e  Sun is  marked by t h e  b lack  circle.  
The d o t t e d  l i n e  shows t h e  approximate 
l o c a t i o n  of maximum i n t e n s i t y  of 
c u r r e n t s  respons ib le  f o r  the observed 
f i e l d  d i s t r i b u t i o n .  Arrows and f i g u r e s  
a t  t h e i r  bases  denote t h e  same as i n  
Figure 5. 

'In i t s  general  f e a t u r e s ,  i t  

corresponds with t h e  S
0 
4 

cur ren t  system represented 

i n  Figure 7 .  It can be -
concluded from a survey of 

magnetograms from high la t 

i t u d e  observa tor ies  f o r  

May 23 - 24, 1958,  t h a t  

t h e  SP- f i e l d  experiences
q

appreciable  i r r e g u l a r  

v a r i a t i o n s  i n  i n t e n s i t y  from 

hour t o  hour and from day 

t o  day. The v a r i a b i l i t y  of 

Sp
q '  

both i n  form and i n  

i n t e n s i t y ,  shows a poss ib le  

connection with s o l a r  

wind and with t h e  d i r e c t  

e n t r y  of wind p a r t i c l e s  

i n  t h e  circumpolar region 

i n  t h e  v i c i n i t y  of t h e  neu

t ra l  l i n e .  
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GEOMAGNETIC DISTURBANCES AT HIGH LATITUDES - JUNE 1965 

I. A.Kuz'min, L. L. Lazumin, G. A. Loginov, M . I .  

Pudovkin, A. I. Charakhch'yan, T. N. Charakhch'yan 

ABSTRACT. The paper presents  r e s u l t s  of t h e  e l e c t r o n  
c u r r e n t s ,  p r e c i p i t a t i n g  i n t o  t h e  lower ionosphere,  which are 
r e g i s t e r e d  by t h e  d e c e l e r a t i n g  x-ray emission with counters  
on bal loons,  and of t h e i r  r e l a t i o n s  with geomagnetic dis
turbances and rheometric absorpt ion.  The paper d iscusses  t h e  
s p a t i a l  connection of t h e  region of e l e c t r o n  p r e c i p i t a t i o n  
with t h e  e l e c t r i c  c u r r e n t s  i n  t h e  ionosphere and with t h e  region 
of anomalous absorpt ion.  The paper shows two types of e l e c t r o n  
p r e c i p i t a t i o n ,  assoc ia ted  with q u i e t  and a c t i v e  forms of 
aurora .  

Recently completed s t u d i e s  of geomagnetic dis turbances i n  t h e  a u r o r a l  zone /gg-
have determined q u i t e  a c l o s e  connection between polar  aurora ,  absorption of 

cosmic rad io  noise ,  magnetic bay dis turbances , micropulsat ion of t h e  magnetic 

f i e l d ,  and penet ra t ion  i n t o  the  atmosphere of e l e c t r o n  streams. These streams 

w e r e  recorded by Bremsstahlung a t  sounding-balloon a l t i t u d e s .  W e  can assume 

t h a t ,  a t  least  f o r  n ight t ime dis turbances,  e l e c t r o n  streams cause ion iza t ion  i n  

t h e  upper atmosphere. This ,  i n  tu rn ,  in f luences  t h e  t ransmission of rad io  wave.;., 

which i s  recorded by t h e  absorpt ion of cosmic rad io  noise  on a rheometer. 

Ion iza t ion  a l s o  creates t h e  condi t ions which produce c u r r e n t s  responsible  f o r  

magnetic bay dis turbances.  

I n  a series of ar t ic les ,  a s t a t i s t i c a l  a n a l y s i s  was conducted t o  show the  

connection between c e r t a i n  phenomena, f o r  example, between magnetic bays and 

absorpt ion [l - 61, p o l a r  aurora  and absorpt ion [ 7  - lo], pulsa t ion  i n  t h e .  
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magnetic f i e l d  and i n  t h e  p o l a r  aurora  [ll - 121, etc. A smal le r  por t ion  of 

t h e  work s t u d i e s  ind iv idua l  s p e c i f i c  dis turbances from a group of d i f f e r e n t  

observations.  Such s tudy i s  e s p e c i a l l y  important f o r  its examination of l a r g e  

geomagnetic storms, which are usua l ly  excluded from s t a t i s t i ca l  a n a l y s i s  be

c.euse of t h e i r  complexity [ 131. 

I n  t h i s  a r t i c l e  an attempt a t  such complex research has  been made 

according t o  observat ions of t h e  magnetic storm of June 15 - 18, 1965. This 

magnetic storm was one of t h e  s t r o n g e s t  of t h e  whole IQSY period. This per iod 

was chosen because several successfu l  radiosonde f l i g h t s  w e r e  conducted a t  t h a t  

time a t  Apat i ty  and Olyenya. Instruments w e r e  a t  a considerable  a l t i t u d e  

during s u b s t a n t i a l  dis turbances.  Magnetograms from t h e  Loparskaya s t a t i o n ,  

da ta  from rheometers operat ing a t  a frequency of 32 m c .  i n  Apatity and 

Lcperskaya, and records of micropulsat ions of Earth c u r r e n t s  a t  t h e  Lovozero 

s t a t i o n  w e r e  used f o r  t h e  ana lys i s .  Observational d a t a  from var ious  phases of 

t h e  storm are c i t e d  i n  Figure 1-7 (un iversa l  t ime) .  

h
S-on-de Observations. The magnetic storm began on June 15 about 11 . That 

6ay, i n  t h e  evening, absorpt ion appeared on t h e  rheometers which had t h e  form 

of four  regular  bays. There was increased amplitude and a recurrence per iod 

of about one hour. The radiosonde launched a t  Apatity a t  t h e  beginning of 

absorpt ion,  was a t  a high a l t i t u d e  during t h e  i n t e r v a l  between t h e  two bays 

of absorpt ion and no excessive r a d i a t i o n  w a s  recorded. The next  instrument 

w a s  launched i n  f i v e  rubber coat ings and hovered a t  an a l t i t u d e  of more than /101 
3 C  km ( f o r  four  hours) .  I n  Figure l b ,  t h e  time p a t t e r n  of t h e  number of d i s 

charges i n  a s i n g l e  Geiger counter  and t h e  atmospheric pressure  during t h e  

f l i g h t  are presented. 

During t h e  f l i g h t  t h e  neutron monitor a t  t h e  Apat i ty  s t a t i o n  r e g i s t e r e d  

a considerable  lowering of cosmic ray  i n t e n s i t y  (Forbush e f f e c t ) ,  connected 
h m

with t h e  beginning of t h e  magnetic storm. I f  w e  assume t h a t  a t  23h - 23 40 , 
when absorpt ion w a s  minimal on t h e  rheometer, t h e  radiosonde r e g i s t e r e d  t h e  

i n t e n s i t y  of g a l a c t i c  cosmic rays with no x-rays, then t h e  i n t e n s i t y  decrease 1102 
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Lovozero-pulsations 

Figure 1. Geomagnetic dis turbances / loo-
t h e  n i g h t  of June 15 - 16,  1965. 

n I sF A I I I I I L a.  

Apatity-rheometer 

C 
4 t  

Loparskaya-rheometer 

-200 

b. 

c. 

d. 

e. 

f .  

S I I I I I I 1 an 4 
Y Y
laoh Loparskaya magnetic f i e l d  

g. 

Micropulsations a t  t h e  Lovozero 
S t a t i o n ;  t h e  black t r i a n g l e s  ind i 
cate Pi2 + P 1 b u r s t s ,  t h e  l i n e s  

C 

i n d i c a t e  P . l ;  do t ted  l i n e  i s
1
used where t h e  amplitude (M) can

not  be measured i n  t h e  t r a c i n g  
because of overlapping of 
n o t  a tion ; 

P i s  t h e  atmospheric pressure  
i n  g/cm-* and N i s  t h e  number of 
discharges i n  an STS-6 counter  per  
minute during t h e  f l i g h t  of t h e  
radiosonde a t  Apat i ty;  

Absorption of cosmic rad io  n o i s e  
i n  dec ibe ls ,  measured by a 
rheometer a t  a frequency of 32 m c  
a t  Apa tity ; 

The same as above, a t  t h e  Loparskaya 
S t a t  i o n  ; 

Ratio of absorpt ion magnitudes a t  
Apat i ty  and Loparskaya; 

Location of t h e  cur ren t  causing 
magnetic dis turbances;  above t h e  
l i n e  - north of Loparskaya 
S t a t i o n ;  below - south; .  

The H-component of t h e  magnetic 
f i e l d  a t  t h e  Loparskaya S ta t ion .  
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of t h e  cosmic rays  i n  t h e  s t r a t o s 

301 u n i t  A 41I 

4' phere w a s  40% i n  comparison with 

- . 2j .  . I I 
t h e  normal background. It must 

I '  2 3, b be pointed o u t ,  however, t h a t  f o r  
Olyenya-sing l e  

t e c h n i c a l  reasons t h e  p o s s i b i l i t y
4000 


3000 IO0 I- of such a sharp decrease cannot be 


2m completely el iminated.  Even though 

toou t h e  Forbush e f f e c t  had a smaller 
1 er  ".5 . -L 1 1. ,.A/ / \ ,  '., amplitude, t h e  abrupt jump i n  t h e  

-100 Loparskaya-magnetic f i e l d  , recording a t  21  23h m  a t  an a l t i t u d e  
-201; 


-301, 


-40G 
-506 
-600 

A, d1 
6 Apatity- rheometer 

I 
5 

4 

3 

2 

1 

A, dLR 

h Loparskaya-rheometer 

Figure 2 .  Geomagnetic dis turbances 
' of 16-17 June. I n  t h e  diagram-

of 80 g/cm -2 i s  connected with t h e  

appearance of a supplementary flow 

of photons. This i s  v e r i f i e d  by 

t h e  rap id  i n c r e a s e  of cosmic n o i s e  

absorpt ion beginning a t  the 

same t i m e .  

The next powerful b u r s t  of 

absorpt ion was accompanied by 

x-rays a t  an a l t i t u d e  of 10.5 g/cm 

while  t h e  instrument was hovering. 

The peak of b u r s t  a t  1 2h m  coin

cided on t h e  rheometer and i n  t h e  

s t r a t o s p h e r e  wi th in  1 - 2 

minutes. The supplementary f l u x  

had a magnitude of 2 - 3 cm -2 *sec-l. 

I n  converting t h e  given photon 
t h e  n i g h t  f l u x  i n t o  e l e c t r o n  f l u x  on t h e  

of t h e  radiosonde f l i g h t ,  t h e  normal rate edge of t h e  atmosphere, w e-
of t h e  counter  a t  a given a l t i t u d e  i s  in- obtained ( 1  - 1.5) x 107 cm -2 - s e c  -1 
d i c a t e d  by a d o t t e d  l i n e .  The remaining 
n o t a t i o n  i s  t h e  same as i n  Figure 1. During t h e  n i g h t  of June 16 - 17 

t h e  f l i g h t  over t h e  Olyenya S t a t i o n  

again r e g i s t e r e d  a photon f l u x  during high absorpt ion and a negat ive  magnetic 

bay. The t i m e  p a t t e r n  of t h i s  f l i g h t  and c h a r t s  of t h e  rheometers, t h e  
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H-component of t h e  magnetic f i e l d  and micropulsat ions are noted i n  Figure 

2 .  	 This f l i g h t  i s  i n t e r e s t i n g  because during t h e  f i r s t  m a x i m u m  peak of 

absorpt ion i n  t h e  s t r a t o s p h e r e ,  a t  an a l t i t u d e  of 50 L 30 g/cm -2 no x-rays 

w e r e  recorded. The instrument only began t o  r e g i s t e r  it at  a l e v e l  of 
218 g/cm- . I f  i t  i s  assumed t h a t  during t h i s  per iod t h e  e l e c t r o n  f l u x  spectrum 

did n o t  change very d r a s t i c a l l y ,  t h e  upper limits of photon energy can b e  

determined (and, consequently, t h e  e l e c t r o n  genera t ions) .  

I n  t h e  next  (morning) f l i g h t  from Olyenya (Figure 3 ) ,  x-ray r a d i a t i o n  
-2 -2

appeared a t  an a l t i t u d e  of 8.5 g/cm , but  a t  a level of 20-12 g/cm i t  was 

not  observed, although absorpt ion on t h e  rheometer a t  Apat i ty  was more than 

2 dB. Evident ly ,  toward moming t h e  e l e c t r o n  f l u x  spectrum became weaker. The 

t i m e  p a t t e m  of t h e  x-ray r a d i a t i o n  i n  t h i s  f l i g h t  a l s o  c o r r e l a t e s  very w e l l  
h mwith t h e  absorpt ion p a t t e r n .  The i n t e n s i t y  decrease a t  9 43  agrees  with the  

absorpt ion decrease a t  Apat i ty  with an accuracy allowed by t h e  recording. 

The t i m e  of t h e  sonde f l i g h t  matched t h e  zero  poin t  of magnetic f i e l d  

v a r i a t i o n s  a t  Loparskaya. Nevertheless,  a not iceable  negat ive peak is  

observed i n  t h e  recording of t h e  H-component of t h e  magnetic f i e l d  a t  t h e  I 1 0 3  

moment when t h e  absorpt ion bay begins.  

Rheometer Observations-. One c h a r a c t e r i s t i c  of t h e  June dis turbances i s  

a s i g n i f i c a n t  q u a n t i t y  of sharp b u r s t s  of absorpt ion of a very l a r g e  magnitude. 

D e f i n i t e  conclusions about t h e  dynamics of incoming e l e c t r o n  f l u x e s  can b e  

reached from studying t h e s e  b u r s t s .  

I n  Figure 4 ,  w e  see d a t a  from var ious  recording instruments  during t h e  

l a r g e  negat ive bay (above 500y i n  t h e  H-component) on t h e  n i g h t  of June 1 7  - 18: 

t h e  t i m e  p a t t e r n s  of micropulsations,.absorption of rheometers a t  Apat i ty  and 

Loparskaya, t h e  ra t io  of rheometer readings AAp’%op ’ t h e  l o c a t i o n  of f luxes  

respons ib le  f o r  magnetic dis turbances n o r t h  and south of Loparskaya, and 

f i n a l l y ,  t h e  H-component of t h e  magnetic f i e l d  a t  Loparskaya. 
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Figure 3. Geomagnetic d i s turbances  
during t h e  day June 1 7 ,  1965. 
Notation, t h e  same as i n  Figure 1. 

system a l s o  s h i f t s  south ,  although most 

found t o  t h e  nor th .  

The antennae of both rheometers 

are d i r e c t e d  a t  P o l a r i s  and have s i m i l a r  

d i r e c t i o n a l  diagrams. The instruments  

are i d e n t i c a l ,  and t h e  data w e r e  pro

cessed by t h e  same method. Therefore,  

t h e  comparative magnitudes of absorpt ion 

on t h e  rheometers i n d i c a t e  t h a t  t h e  

b a s i c  i o n i z a t i o n  region (and, conse

quent ly ,  t h e  m a x i m u m  of t h e  incoming 

e l e c t r o n  f lux)  i s c l o s e r  t o  one of t h e  

s t a t i o n s .  The t i m e  p a t t e r n  of t h e  r a t i o  

of t h e  instrument readings 'can serve as 

an i n d i c a t i o n  of t h e  movement of t h e  

e l e c t r o n  p r e c i p i t a t i o n  region. On t h e  

o t h e r  hand, w e  can t r a c k  t h e  movements of 

t h e  i o n i z a t i o n  region by t h e  p o s i t i o n  

of t h e  system of c u r r e n t s  causing 

magnetic d i s turbances ,  which i s  determined 

by t h e  ordinary method using t h r e e  

components of t h e  magnetic f i e l d .  By 

comparing these  d a t a ,  t h e  following 

c h a r a c t e r i s t i c s  of t h e  movement of 

incoming c u r r e n t s  and t h e i r  time 

aspec ts  can b e  d is t inguished .  

1. A s  soon as t h e  r a t i o  of rheometer 

readings (A
AP

/
!LOP 

) becomes g r e a t e r  

than uni ty ,  i .e.,  t h e  region of absorp

t i o n  s h i f t s  toward Apat i ty ,  t h e  c u r r e n t  

of t h e  t i m e  t h e  i o n i z a t i o n  region is 

2. me t y p i c a l  t i m e  of t h e s e  movements i s  t e n  minutes; t h e  movement is 

comparatively smooth. 
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3. The d r i f t  south of t h e  cur ren t  system is  observed p r i n c i p a l l y  during 

i n t e n s i f i c a t i o n  of t h e  e l e c t r o n  f l u x  ( i n c r e a s e  of absorp t ion) .  It is l i k e  a 

supplementary f l u x ,  en ter ing  f a r t h e r  south,  being superimposed on t h e  t o t a l  

e l e c t r o n  f l u x  which i s  produced a l l  during t h i s  per iod.  The i o n i z a t i o n  caused 

by t h i s  f l u x  a l s o  forces  t h e  cur ren t  system t o  be s h i f t e d  south.  When t h e  sup

plementary f l u x  s t o p s ,  t h e  c e n t e r  of g r a v i t y  of t h e  c u r r e n t s  i s  again s h i f t e d  

t o  t h e  north.  

4. It can be noted t h a t  i n  t h e  cur ren t  s h i f t  from n o r t h  t o  south . t h e .  

peak of t h e  supplementary absorpt ion b u r s t  begins several minutes ear l ier  a t  

t h e  Loparskaya s t a t i o n  than a t  Apat i ty .  Vice versa, i n  t h e  r e t u r n  movement 

of t h e  cur ren t  from south t o  n o r t h ,  t h e  peak of t h e  b u r s t  begins e a r l i e r  

a t  Apatity . 
5. The forms of absorp t ion  b u r s t s  a t  Apat i ty  and Loparskaya do not  agree  

i n  d e t a i l .  The same can b e  s a i d  about t h e i r  amplitude,  which as a r u l e  w a s  

g r e a t e r  a t  Apat i ty  than a t  Loparskaya during s h o r t  b u r s t s .  Usually,  t h e  

s h o r t e r  t h e  b u r s t s ,  t h e  g r e a t e r  t h e  d i f fe rence .  Consequently, l o c a t i o n s  of 

surges  are mutually connected i n  t i m e  and space.  

It i s  evident  from Figure 4 t h a t  absorpt ion occurs simultaneously with 

a negat ive  magnetic bay. As a r u l e ,  t h e  same th ing  i s  a l s o  observed i n  o ther  

night t ime and evening dis turbance per iods  [l-61. There are a l s o  exceptions.  

One of them is  shown i n  Figure 1. Here absorpt ion a t  20 - 2 1h June 15 is  

accompanied both by a negat ive  bay and movement of t h e  p r e c i p i t a t i o n  region 

t o  t h e  nor th .  But absorpt ion,  with a peak a t  lh2" June 16,began.at  t h e  t i m e  

when t h e  nega t ive  bay had a l ready  developed, s o  t h a t  during peak absorpt ion 

(and penet ra t ion  of p a r t i c l e s  according t o  s t r a t o s p h e r i c  da ta )  t h e  magnetic 1105 

bay had a l ready  ended. It i s  i n t e r e s t i n g  t o  note  t h a t  i n  t h i s  case a l s o  a 

s h i f t  of t h e  cur ren t  systems t o  t h e  south d id  n o t  occur ,  i f  two momentary 

surges  a t  t h e  beginning and a t  t h e  end of absorpt ion are not  considered. Thus, 

t h e  magnetic bay and t h e  c u r r e n t s  i t  caused w e r e  connected with pene t ra t ion  

of p a r t i c l e s  i n  t h e  north.  This w a s  a l s o  r e f l e c t e d  on t h e  rheometers ( t o  a 
hg r e a t e r  degree on t h e  Loparskaya rheometer), b u t  t h e  powerful b u r s t  a t  1 
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caused i o n i z a t i o n  south  of t h e  primary p r e c i p i t a t i o n  region and absorpt ion on 

the  rheometers which w a s  n o t  connected with t h e  formation of an e lectr ic  

cur ren t  i n  t h e  ionosphere. This  l as t  circumstance i n d i c a t e s  t h a t  t h e  region of 

increased i o n i z a t i o n  i s  e i t h e r  extremely l o c a l i z e d  o r  is  below t h e  conductive 

l a y e r  (i.e. , below 80 km). 
Daytime dis turbances.  Much research has been devoted t o  t h e  na ture ,  

morphology and o t h e r  c h a r a c t e r i s t i c s  of n ight  and morning dis turbances which 

i n d i c a t e  ind isputab ly  t h a t  e l e c t r o n  f luxes  are t h e  cause of these  dis turbances.  

A g r e a t  d e a l  s t i l l  remains unclear  about daytime dis turbances.  D i s t i n c t  types 

of dis turbances have not  been i s o l a t e d ,  and even t h e  spectrum of p a r t i c l e s  

causing them i s  n o t  known. I n  p a r t i c u l a r ,  i n  a r t i c l e s  [14, 151 it  is  assumed 

t h a t  a s p e c i f i c  type of p o s i t i v e  magnetic bay i s  connected with proton f luxes  

t h a t  d r i f t  from t h e  night t ime s i d e  of t h e  Earth.  

I n  t h e  per iod w e  s t u d i e d ,  radiosonde f l i g h t s  w e r e  made during two-day 

p o s i t i v e  magnetic bays. I n  n e i t h e r  case was a supplementary (on t h e  back

ground of t h e  cosmic rays)  r a d i a t i o n  recorded. Data from t h e  f i r s t  f l i g h t  (June 

15) ,  the  H-component of t h e  magnetic f i e l d ,  and rheometer readings are given 
-2

i n  Figure 5. The radiosonde reached a l t i t u d e s  of 5 g/cm during t h e  peak of 

t h e  bay ( i t s  magnitude i n  t h e  H-component was 230y). I n  t h e  second f l i g h t ,  

on June 17 (Figure 6) ,dur ing  a bay of 200y t h e  sonde r o s e  t o  an a l t i t u d e  

of 15 g/cm-2. Rheometer absorpt ion i n  both cases d i d  n o t  exceed 0.5 dB. 

W e  conclude by t h e  cases  c i t e d  t h a t  i f  an e l e c t r o n  f l u x  w a s  t h e  agent 

causing t h e  magnetic dis turbances,  then t h e  spectrum of t h i s  f l u x  must be 

s o f t  (e lec t ron  f l u x  with energy of 20 keV n o t  more than 106cm-2.sec-1). O r  

i t  might a c t u a l l y  b e  protons which t h e  radiosonde i s  n o t  a b l e  t o  record.  

I n  both cases ,  t h e  agent respons ib le  f o r  t h e s e  p o s i t i v e  bays must have a 

q u a l i t a t i v e l y  d i f f e r e n t  n a t u r e  from t h e  n ight  and morning f luxes .  On t h e  

o ther  hand, ord inary  e l e c t r o n  dis turbances are never the less  observed i n  day

time and e a r l y  evening hours. This i s  known from d i r e c t  observat ions on 

sondes [16 - 181. It should t h e r e f o r e  b e  assumed t h a t  two dis turbance 
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N r e l a t i v e  
lun i t  Lovozero-pulsations mechanisms are observed i n  daytime,,....._.............. 

both of which can act e i t h e r  independently 

o r  toge ther  

A,dB- 1 1  a r t i c l e ) ,  several d e f i n i t e  connections 

- Apatity- arise which are e s s e n t i a l  i n  determin

- ing t h e  n a t u r e  of micropulsat ion 
5 - mechanisms and geomagnetic dis turbances.  
- I n  Figure 7 ,  w e  can see t h e  r e l a t i o n  

0 

Ktf 
40g-Location of  c u r r e n t s  t a series of b u r s t s  of t h e  f l u c t u a t i n g  
300 - \ 

Pi2 + P 1 type are observed i n  t h e  l a t e  
C 

zoo - day and evening hours. I n  t h e  diagrams 
-XI0 these  b u r s t s  are marked by a shaded 

U 

IO0 I I I I 
t r i a n g l e  with no i n d i c a t i o n  of amplitude. 

W e  conclude from t h e  rheometer d a t a
42' Loparskaya-magnetic f i e l d-no presented h e r e  from Apat i ty  and Lopar

0 skaya t h a t  each such b u r s t  i s  accompan
too - i e d  by a peak of absorpt ion.  Deviations 
200	- from t h i s  synchronism do not  exceed 

-100 1 - 2 minutes,  which i s  wi th in  t h e  
-$00 accuracy limits of time determination 
--500 i n  rheometer readings.  
k 

;I ;2 i3, l!l ; ;, A", 
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4 Y Loparskayimagnetic f i e l d  

Figure 5. Lack of x-rays i n  t h e  s t r a t o s p h e r e  
June 15,  1965 during a p o s i t i v e  magnetic 
bay. Notat ions t h e  same as i n  Figure 1. 

t h a t  P. l - type micropulsat ions
1 


are only observed during n ight 

t i m e  nega t ive  bays,  with t h e i r  

amplitude f a i r l y  w e l l  repeat ing 

( see  Figure 7) .  Thus, t h e  

amplitude of micropulsat ions i s  

determined not  s o  much by an 

i n c r e a s e  of t h e  e l e c t r i c  f i e l d  

as by an i n c r e a s e  i n  t h e  

i n t e n s i t y  of t h e  ion iz ing  f lux .  

I n  observing i r r e g u l a r  pulsa

t i o n s  of t h e  i n t e n s i t y  of x-ray 

r a d i a t i o n  i n  t h e  s t r a t o s p h e r e  

( i n t e r v a l s  between b u r s t s  of 

7.8 - 8.8 sec)  simultaneously 

a t  Makuori I s l a n d  and a t  

College [181 , w e  conclude t h a t  f l u c t u a t i o n s  of t h e  E a r t h ' s  e lectromagnet ic  / lo7 
f i e l d  with t h e  same P . l  per iod  are determined by pulsa t ions  wi th in  t h e  same

1 


e l e c t r o n  stream penet ra t ing  t h e  atmosphere. This i s  a l s o  v e r i f i e d  by t h e  agree

ment.of t h e  per iods  and t h e  charac te r  of t h e  f l u c t u a t i o n s  i n  t h e  Ear th ' s  

e lectromagnet ic  f i e l d  and i n  t h e  i n t e n s i t y  of a u r o r a l  r a d i a t i o n  [12]. 
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-1
N,min P , g / w 2  Olyenya-single counter The c h a r a c t e r i s t i c s  exhib i ted  

i n  t h e  r e l a t i o n  of micropulsat ions 

2000 with t h e  magnetic f i e l d  and absorp

1000 t i o n  on t h e  evening of June 16 

/kWE: _I are confirmed by o t h e r  ion d i s t u r b -I I 
A,
3000/!/
dB 	
,;K

ances. I n  Figure 1-4 w e  see t h a t  an 
Loparskaya-rheometer 

absorpt ion peak corresponds t o  

each P.2 + P . l  b u r s t .  Af te r  t h e  

~~ l' 
b u r s t s ,  P.l- type micropulsat ions

1 

begin,  whose amplitude r e p e a t s  i n  
Ap a tity-rheome ter genera l  t h e  p a t t e r n  of 6H and ab-

sorp t ion .  Unfortunately,  i n  

1 those cases when t h e  d is turbance  

~- reached 

1 1 1 

, ALa g r e a t  magnitude, t h e  s tan

",Y

;T: , , 
Loparskaya-magnetic f i e l d  dard micropulsat ion reading w a s  too 

complex f o r  any accura te  d e t a i l e d  -200 
a n a l y s i s .  / loa  

100 - An a n a l y s i s  of t h e  micros t ruc ture  

of daytime p o s i t i v e  d is turbances  

revealed a d e f i n i t e  c l a s s  of these  

UT dis turbances  which are not  connected 

with any kind o'f micropulsat ions , 
showing t h a t  during such bays t h e  

Figure 6. Lack of x-rays i n  t h e  s t r a t o s - rheometer r e g i s t e r e d  very weak 
phere June 17,  1965 during a p o s i t i v e  absorpt ion of cosmic radionoise .magnetic bay. Notat ions t h e  same as 
i n  Figure 1. The two cases of p o s i t i v e  bay d is 

turbances c i t e d  e a r l i e r  correspond 

completely t o  t h i s  class. A lack  of any kind of micropulsat ion a t  t h i s  t i m e  

a l s o  confirms t h e  conclusion t h a t  t h e  usua l  e l e c t r o n  f l u x  recorded during t h e  

n i g h t  and morning hours i s  absent here .  
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Discussion of Resul ts .  A
M, r e l a t i v e  
15k u n i t  complete examination, using var ious  

5 - Loparskaya-rheometer l o c a l  midnight , fas t  impulses 

4 - ( b u r s t s  of absorpt ion)  a r e  observed, 

3 - with  t h e  beginning more abrupt  than 

Our observat ions supported t h i s ,  and i t  can b e  concluded t h a t  such absorp

t i o n  impulses are observed n o t  only i n d i v i d u a l l y ,  bu t  a l s o  i n  groups during 

several hours. P r i n c i p a l l y ,  they o r i g i n a t e  south of t h e  main p r e c i p i t a t i o n ,  
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which is  u s u a l l y  present  during t h i s  time. The fast b u r s t s  o r  groups of 

b u r s t s  i n  t h e  south can a l s o  be accompanied by a d r i f t  southward of t h e  cur ren t  

stream respons ib le  f o r  nega t ive  bay magnetic dis turbances.  

It is important t h a t  i n  several cases t h e  impulse can b e  so l o c a l i z e d  and 

momentary t h a t  t h e  c u r r e n t  system does n o t  d r i f t  south ,  i .e.  , i n  t h e  precip

i t a t i o n  of t h e  supplementary e l e c t r o n  f l u x  t h e  c u r r e n t  system cannot develop. 

This  can ev ident ly  expla in  t h e  weak connection t h i s  type of absorption impulses 

(F-type) has with t h e  nega t ive  b u r s t s  i n  t h e  magnetic f i e l d ( o b t a i n e d  by Part

asara thy  and Berkey [ 8 ] ) .  I n  micropulsat ions of th is  kind,  t h e  impulses 

are accompanied by " f la res"  ( type Pi2 + Pel). The time c h a r a c t e r i s t i c s  of 

these  f l a r e s  and t h e  i n t e n s i t y  p a t t e r n  i n d i c a t e  t h e i r  connection with t h e  

incoming f lux .  

The times of day i n  which t h e  two types of f l u x e s  occur are divided: fast  

b u r s t s  occupy s e v e r a l  hours before  midnight,  but  smoother and wider ones occur 

a f t e r  midnight u n t i l  morning. Then t h e  l a t te r  are a l s o  "pulled" i n t o  t h e  day

t i m e  s i d e  of t h e  Earth.  It is t r u e  t h a t  d i s turbances  of another  kind can a l s o  

be observed on t h e  daytime s i d e  -- p o s i t i v e  bays i n  t h e  H-component of t h e  

magnetic f i e l d .  These are n o t  connected w i t h  o rd inary  e l e c t r o n  p r e c i p i t a t i o n  

and are n o t ,  t h e r e f o r e ,  accompanied by x-rays i n  t h e  s t r a t o s p h e r e  o r  by 

absorpt ion of cosmic r a d i o  n o i s e  o r  micropulsat ions.  
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DYNAMICS O F  MAGNETO-IONOSPlERIC DISTURBANCES I N  THE POLAR 
AURORAL ZONE 

G. A. Loginov and M. I. Pudovkin 

ABSTRACT. The paper analyses  t h e  connection of the 
magneto ionospher ic  dis turbances observed i n  Murmansk i n  daytime 
with t h e  corresponding phenomena i n  Alaska. It is  shown t h a t  
t h e  lagging time of dis turbances i n  Murmansk relative t o  t h e  
dis turbances i n  Alaska i s  d i f f e r e n t  f o r  absorpt ion bays and 
f o r  bays i n  t h e  geomagnetic f i e l d ,  i .e. ,  t h e  regions of enhanced 
i o n i z a t i o n  and t h e  e lectr ic  c u r r e n t s  i n  t h e  ionosphere may n o t  
coincide s p a t i a l l y .  

I n  art icle [l]it  w a s  observed t h a t  t h e  region of anomalous r a d i o  xave Jlll 
absorpt ion a t  high l a t i t u d e s  sometimes includes a very s i g n i f i c a n t  longi tude  

range. M a x i m u m  absorpt ion a t  s t a t i o n s  loca ted  a t  var ious  longi tudes  i s  n o t  

reached simultaneously; t h i s  d i f f e r e n c e  i n  time can reach one hour o r  more. 

The au thors  of [l]explained t h e  observed l a g  as a s h i f t  of t h e  absorp t ion  

region along a p a r a l l e l  i n  a wes ter ly  d i r e c t i o n  pr imar i ly .  However, as d a t a  

from only two s t a t i o n s  w e r e  used i n  [ l ] ,  and these  s t a t i o n s  w e r e  separa ted  

from each o t h e r  by 160' of geomagnetic longi tude,  t h i s  does n o t  s e e m  t o  b e  t h e  

only p o s s i b l e  d i r e c t i o n  of t h e  movement. 

A study of p o l a r  magnetic dis turbances using d a t a  from f o u r  p o i n t s  loca ted  

i n  t h e  p o l a r  a u r o r a l  zone showed t h a t  t h e  maximum of magnetic d i s turbances  

of a s p e c i f i c  type w a s  reached a t  var ious  times [ 2 ] .  It w a s  a l s o  discovered 

that t h e  region of maximum 6H moves along t h e  a u r o r a l  zone from east t o  w e s t .  

According t o  d a t a  i n  [l],t h e  speed of t h e  western d r i f t  i s  approximately t h e  

same as t h e  speed of t h e  absorpt ion maximum. 
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Such coincidence of d i r e c t i o n  and speed of d r i f t  of t h e  region of max imum 

6H and 6A, toge ther  w i t h  t h e  c l o s e  r e l a t i o n s h i p  between t h e  ion iza t ion  region 

and electric c u r r e n t s  i n  t h e  ionosphere a t  n ight  [ 3  - 51, leads t o  the.assump

t i o n  t h a t  t h e  c o r r e l a t i o n  i n  t h e  daytime between geomagnetic bays moving along 

t h e  a u r o r a l  zone and rheometer absorpt ion m u s t  be q u i t e  high. However, t h i s  
as.sumption has  not  y e t  been successfu l ly  proven experimentally. I n  a r t i c l e  [l], 
only rheometer d a t a  w e r e  used and i n  [2] only geomagnetic data.  It is therefore  
i n t e r e s t i n g  t o  trace t h e  r e l a t i o n s h i p  between the  phenomena mentioned, even 

though f o r  a s m a l l  number of ind iv idua l  disturbances.  Data of severa l  magneto-

ionospheric  d i s turbances ,  observed i n  February - March, 1964, were chosen f o r  

t h i s  a n a l y s i s .  There i s  d e t a i l e d  information about t h e i r  course from s t a t i o n s  

i n  Alaska [6] and a t  Murmansk. The geomagnetic coordinates of these s t a t i o n s  

are given i n  t h e  t a b l e .  

Figure 1 shows t h e  i n t e n s i t y  of geomagnetic disturbances 6 H  a t  College 

and Lovozero and t h e  p a t t e r n  of rheometer absorption 6A a t  a frequency of about 

30 MHz a t  College and Loparskaya during t h e  storm of February 26, 1964. A s  1112 

t h e  magnitude of rheometer absorpt ion changes very rapidly with t h e  l a t i t u d e  

of t h e  observat ion p o i n t ,  absorpt ion at  the  Kotzebue and Apatity s t a t i o n s  i s  

a l s o  included i n  Figure 1. The c h a r t s  show t h a t  i n  t h i s  case t h e  dis turbance,  

magnetic as w e l l  as ionospheric ,  w a s  observed almost simultaneously a t  s t a t i o n s  

approximately 120' geomagnetic longi tude apart .  The form of the  curves 6 H  and 

6 A  is b a s i c a l l y  t h e  same everywhere. Thus, peaks observed at  t h e  Murmansk 

s t a t i o n  can be conf ident ly  i d e n t i f i e d  with peaks a t  t h e  Alaska s t a t i o n s .  For 
h 

example, i t  can b e  assumed t h a t  t h e  small  p o s i t i v e  bays a t  Lovozero a t  11 - 12 

and 12 - 13h UT correspond t o  t h e  in tens ive  negative bays i n  Alaska with 

m a x i m a  about 11 and 12h . Although t h e  maxima of 6 H  a t  Lovozero are expressed 

i n d i s t i n c t l y  s o  t h a t  it is  impossible t o  determine t h e i r  t i m e  delay relative 
to corresponding 6 H  peaks a t  College , a tendency toward a general  delay of 

bays on t h e  whole a t  Lovozero i s  expressed c l e a r l y .  

During t h i s  time t h e r e  w e r e  a l s o  two peaks of rheometer absorption a t  
h m  

Loparskaya and Apat i ty  (11 - 12 
h 

and 13 - 14 30 UT). These are evident ly  con

nected wi th  dis turbances i n  Alaska but  a r e  considerably delayed i n  r e l a t i o n  t o  
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them. It is noteworthy t h a t  peaks of absorpt ion a t  Loparskaya and Apatity are 

s h i f t e d  i n  time n o t  only i n  r e l a t i o n  t o  corresponding peaks i n  Alaska, 

bu t  a l s o  i n  r e l a t i o n  t o  m a x i m a  of 6H at  Lovozero. This s h i f t  i s  already 

n o t i c e a b l e  f o r  a peak of 6A a t  11 - 12h and c l e a r l y  marked for a peak of 6~ 

a t  Uh - 14h30m. I n  this  l a s t  case, t h e  absorpt ion bay begins a f t e r  t h e  bay 

i n  t h e  magnetic f i e l d  has ended. 

TABLE 

Apat i ty  

S t a t i o n  @, O N  A,  O 

College 
Kotzebue 

64.6 
63.5 

256.5 
242.4 

College-rheometer 

Loparskaya 63.7 126.6 
Lovozero 62.8 127.3 

63.0 125.4 A,dB 
3 c  

.. 
K o t  z ebue- rheomet er 1 

t i .  .... 
A Lovozero-magnetic f i e l d  

Figure 2 shows a graph of 6H and 1s 
-

6A a t  t h e  Alaska and Murmansk s t a t i o n s  A, dB 
-_.1 1 - 1 I I 

-_i_ 

f o r  February 28, 1964. The amplitude 21- .Loparskaya- rheomet er I 
of t h e  magnetic d i s turbances  a t  Lovo

zero on t h a t  day i s  s m a l l .  Their  

form d i f f e r s  markedly from t h e  form I2 14 16 
ur

of t h e  6H curve a t  Col lege .  There- Figure 1. I n t e n s i t y  of geomagnetic 
f o r e .  i t  is very d i f f i c u l t  t o  i d e n t i f y  dis turbances and absorption of cos

m i c  n o i s e  a t  s t a t i o n s  i n  Alaska and 
the 6H curve at Lovozero with 6H peaks t h e  Kola peninsula February 26, 1964. 
at Col lege .  The peaks of 6A at  

Loparskaya and Apat i ty  ( i n  p a r t i c u l a r ,  t h e  double peak during t h e  period of 

13h20m - 14 30h m) have a form which is considerably c l o s e r  t o  t h e  form of 6A /113 
a t  College . As on February 26, t h e  6A peaks a t  Loparskaya l a g  notably i n  
r e l a t i o n  t o  6A and 6H peaks a t  Colleg-e. Also on t h a t  day t h e  absorption bays 

a t  Loparskaya d i d  n o t  co inc ide  i n  t i m e  with t h e  geomagnetic bays a t  Lovozero. 

For example, t h e  peak of 6A a t  13h 25m is accompanied by a very weak p o s i t i v e  

bay, and the peak of 6A a t  11h50m is n o t  accompanied by any magnetic disturbance. 
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Figure 2. I n t e n s i t y  of geomagnetic 
d i s turbances  and absorpt ion of 
cosmic no i se  a t  s t a t i o n s  i n  Alaska 
and t h e  Kola Peninsula ,  February 28, 
1964. 

An analogous p a t t e r n  is a l s o  

observed on March 5 ,  1965, (Figure 3) .  
An i n t e n s i v e  bay i n  6 H  and 6 A  on t h a t  

day a t  College a t  1 2  - 13h caused only 

a s m a l l  v a r i a t i o n  i n  6 H  at  Murmansk, as 
it  w a s  no t  accompanied by a simultaneous 

inc rease  of r ad io  wave absorpt ion.  But 
approximately an hour a f t e r  t h e  be

ginning of t h e  d is turbance  at Co l l ege ,  

a r a t h e r  i n t e n s i v e  bay i n  6A w a s  ob

served a t  Apat i ty .  This  i n  t u r n  w a s  

not  accompanied by a magnetic d i s t u r 

bance. 

The examples c i t e d  are too  few t o  

i n d i c a t e  some kind of r e g u l a r i t y  i n  t h e  

flow of magnetic ionospheric  dis turbances.  

However, t h e s e  examples (corresponding 

t o  d a t a  i n  [l, 71) show t h a t  absorpt ion 

bays, similar t o  geomagnetic bays,  on 

the  daytime s i d e  of t h e  po la r  a u r o r a l  

zone can l a g  s i g n f i c a n t l y  i n  r e l a t i o n  

t o  phenomena connected wi th  them on t h e  

n ight t ime s i d e  of t h e  zone. But t h e i r  delay time can d i f f e r  considerably from 

the  delay time of corresponding bays i n  t h e  geomagnetic f i e l d .  Thus, 

e l e c t r i c  cu r ren t s  i n  t h e  ionosphere and i n  t h e  reg ion  of a u r o r a l  absorpt ion 

appear t o  a l a r g e  ex ten t  t o  be s p a t i a l l y  separa ted  on t h e  daytime s i d e  of t h e  

po la r  au ro ra l  zone. Evident ly ,  i t  is j u s t  t h i s  circumstance which expla ins  the 

fact  t h a t  t h e  magnitude of t h e  r a t i o  6H/6A i n  t h e  daytime i s  equal  t o  700y dB 

a t  t h e  moment of 6H maxima [5] and 60y dB a t  t h e  moment of 6A maxima [ 8 ] .  

The s p a t i a l  s epa ra t ion  of e l e c t r i c  cu r ren t s  and regions of increased  r ad io  

wave absorpt ion i n  t h e  ionosphere i n d i c a t e s  t h a t  t h e i r  sources  move around t h e  

Earth with var ious  speeds o r  along var ious  paths .  From t h i s  circumstance,  w e  
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Figure 3. I n t e n s i t y  of geomagnetic 
dis turbances and absorp t ion  of cos
m i c  n o i s e  a t  s t a t i o n s  i n  Alaska and 
t h e  Kola Peninsula  March 5, 1964. 

can assume t h a t  on the dayside of the 

p o l a r  a u r o r a l  zone electric c u r r e n t s  i n  

t h e  ionosphere and regions of increased 

r a d i o  wave absorpt ion are caused by 

var ious  sources ,  ev ident ly  by streams 

o f  corpuscles  d is t inguished  by t h e i r  

energy spectrum o r  even by t h e i r  na ture .  

As has a l ready  been s a i d ,  t h e  

source of t h e  delayed magnetic bays 

moves around t h e  Earth from east t o  

w e s t  wi th  a speed about 6 km/sec. It 

can b e  assumed from t h i s  t h a t  t h e  

source i s  protons w i t h  an energy of 

about 150 - 200 keV [2]. As d a t a  from 

only four  s t a t i o n s  w e r e  used i n  [2],  

it i s  impossible t o  determine accura te ly  

t h e  zone along which t h e  region of 

max imum 6H moves. It can only b e  

assumed t h a t  t h e  movement does n o t  

t a k e  p lace  along the oval  of the p o l a r  

aurora  , obtained i n  [9 ,  l o ] ,  as only 

negat ive bays are observed t h e r e  [ll, 

121. I n  t h i s  case the quest ion is 

p o s i t i v e  magnetic dis turbances.  On t h e  o ther  hand, t h e  r a t i o  6Z/6H < 1 is 

characteristic f o r  delayed bays. This  shows t h a t  the sources  of t h e  daytime 

delayed bays move approximately along t h e  main a u r o r a l  zone. 

The speed wi th  which t h e  absorpt ion region moves along t h e  a u r o r a l  

zone can b e  judged by Figure 1, where obviously a series of 6A peaks w a s  

observed on February 26, 1964, bo th  i n  Loparskaya and i n  Alaska. Maxima of 

6A are observed a t  Loparskaya a t  approximately t h e  same t i m e  t h a t  minimums 

of 6A are noted a t  Kotzebue. The a l t e r n a t i o n  of peaks seems so clear and 

i 
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r e g u l a r ,  it g ives  t h e  impression t h a t  they are always caused by t h e  same source 

of i o n i z a t i o n  passing over  t h e  s t a t i o n .  This  seems t o  move along t h e  p o l a r  

a u r o r a l - z o n e  with an almost constant  speed of about one revolu t ion  every two 

hours. Judging by t h e  number of peaks observed, t h e  i o n i z a t i o n  source com

p l e t e d  no less than  t h r e e  revolu t ions  around t h e  Earth during t h i s  dis turbance.  

Evident ly  on March 5 ,  1964, ( see  Figure 3) t h e  same i o n i z a t i o n  source,  moving 

along t h e  a u r o r a l  zone, success ive ly  caused an absorp t ion  peak a t  College 

(12 - 13h ), then a t  Apat.ity (13 - 14h) ,  and i n  h a l f  an hour -- Once more 

a t  College.  I n  t h i s  case t h e  speed of t h e  i o n i z a t i o n  source w a s  one revolu t ion  

every 2.5 hours.  

Lack of necessary experimental  d a t a  makes i t  impossible as y e t  t o  

draw conclusions about t h e  n a t u r e  of ion iz ing  r a d i a t i o n .  The f a c t  t h a t  

delayed absorpt ion bays are accompanied by anomalously small magnetic d i s turb- /115 

antes i n d i c a t e s ,  ev ident ly ,  t h a t  t h e  region of increased  i o n i z a t i o n  i s  formed 

below t h e  cur ren t  l a y e r ,  i.e., below 80 km. Consequently, i f  a stream of 

corpuscles  i s  t h e  ion iz ing  agent ,  t h e s e  p a r t i c l e s  can b e  e i t h e r  protons with an 

energy of E > 2  MeV [13], o r  e l e c t r o n s  with an energy of E > 5 0  keV [14] .  
However, p r e c i p i t a t i o n  of protons with t h e  i n d i c a t e d  energy i n t o  t h e  p o l a r  

a u r o r a l  zone is n o t  supported by experimental  data .  Protons with an energy 

of 2 MeV would complete a revolu t ion  around t h e  Earth i n  approximately one 

minute [15], s o  t h a t  i t  would be impossible t o  n o t i c e  t h e  delay of absorpt ion 

peaks a t  Murmansk i n  r e l a t i o n  t o  absorpt ion peaks i n  Alaska. For e l e c t r o n s  

with an energy of 80 keV, revolut ion around t h e  Ear th  would t a k e  2.2 hours 

[14]. This i s  q u i t e  c l o s e  t o  t h e  magnitude obtained. But i n  t h i s  case t h e  

d r i f t  of max imum absorp t ion  must occur i n  a west-to-east d i r e c t i o n .  Unfor

tuna te ly ,  l a c k  of d a t a  from intermediate  s t a t i o n s  prevents  determining t h e  

d i r e c t i o n  of t h i s  movement. 
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LATITUDINAL VARIABILITY OF 
IONOSPHERIC PAMETERS 

A. P. Kolobova, B. P. Los' 
and 2. T s .  Rapoport 

ABSTRACT. The paper analyzes  t h e  d a t a  of ionospher ic  
s t a t i o n s  i n  Murmansk, Rugozero and Leningrad f o r  1962-1963. 
The c r i t i c a l  f requencies  of t h e  r e g u l a r  l a y e r s  (fOF2 and 
foE) a t  t h e s e  s t a t i o n s  i n  t h e  day hours  change i n  accord
ance wi th  t h e  change of t he  z e n i t h  d i s t a n c e  of t h e  Sun and 
inc rease  wi th  t h e  decrease  of l a t i t u d e .  I n  t h e  n i g h t  t i m e  
t h e  f0F2 v a r i a t i o n s  are less r egu la r  than dur ing  t h e  day; 
t h e  inhomogeneity of t h e  ionosphere inc reases  and t h e  ion i 
z a t i o n  changes i r r e g u l a r l y  i n  t h e  l a y e r  E l eve l  (-100 km), 
as w e l l  as t h e  radiowave absorpt ion.  The E, l a y e r  of t h e  
r- type i n  t h e  a u r o r a l  zone i s  caused by corpuscular  radia
t i o n .  The energy spectrum of p a r t i c l e s ,  causing t h i s  l a y e r ,  
i s  wide, and as t h e  l a t i t u d e  decreases  i t  becomes narrower. 
The number of occurrences of E, of t h e  f t ype  inc reases  
wi th  t h e  decrease  of l a t i t u d e .  During ionospher ic  magnetic 
d i s turbances  phenomena t y p i c a l  f o r  t h e  a u r o r a l  zone are ob
served a t  lower l a t i t u d e s  and s h i f t  i n  t he  E and F l a y e r s  
t o  lower l a t i t u d e s  than  i n  t h e  D l a y e r .  The paper d i scusses  
connect ions between t h e  geomagnetic d i s turbance  and t h e  Po
nospher ic  v a r i a t i o n s  over Murmansk, Rugozero and Leningrad. 

This  paper analyzes  d a t a  from t h r e e  ionospher ic  s t a t i o n s :  

S t a t  i on  w .  O N  h.  'E a.'N A,' 
Leningrad - - 50"57'- 3 ~ ~ 4 2 '  5c.3" 11G.7" 
Rugozero * - * 64"s' 32"47' 5O.G0 121.4" 
Murmansk - G837' 93'3' G4.1" 126.5' 

The s t a t i o n s  are s i t u a t e d  on nearby longi tudes .  Rugozero i s  near t h e  mid

poin t  of t h e  orthodrome connectingMurmanskand Leningrad. W e  can expect  t h a t  

t h e  mater ia l  from the  observa t ions  made a t  t hese  s t a t i o n s  w i l l  a l low f u r t h e r  

c l a r i f i c a t i o n  of t h e  f e a t u r e s  of t h e  subpolar  ionosphere, and e s p e c i a l l y  t h e  

boundaries  ,of t h e  reg ion  where anomalous absorp t ion  and o t h e r  phenomena 
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c h a r a c t e r i s t i c  of t he  ionosphere a t  high l a t i t u d e s  occur.  It is  poss ib l e  t h a t  

t h e i r  ana lys i s  w i l l  al low formulat ion of t h e o r i e s  regard ing  the corpuscular  

f l uxes  t h a t  are respons ib le  f o r  anomalous phenomena i n  t h e  ionosphere a t  high 

l a t i t u d e s .  I n  c o n t r a s t  t o  r1-41 w e  have used d a t a  obtained i n  1962 and 1963, 

when s o l a r  a c t i v i t y  w a s  lower. The average annual  r e l a t i v e  number of sunspots  

w a s  46.3 i n  1962 and 34.3 i n  1963. 

A cor rec t  a n a l y s i s  of t h e  da t a  from d i f f e r e n t  ionospheric  s t a t i o n s  can be 

performed only by tak ing  t h e  t echn ica l  c h a r a c t e r i s t i c s  of t h e  i n s t a l l a t i o n s  i n t o  

account. A number of ionospheric  parameters ( f o r  example, fmin, d i f f u s i v i t y ,  

fEs - types  of 1 and f )  depend on t h e  reso lv ing  power of t h e  ionospheric  sta

t i o n ,  which, i n  tu rn ,  depends upon the  t r a n s m i t t e r  power, t h e  antenna e f f i c i e n 

cy, t h e  s e n s i t i v i t y  of t h e  receiver, e t c .  It would be  d e s i r a b l e  i f  a l l  t h e  sta

t i o n s  i n  t h e  world network had i d e n t i c a l  t e c h n i c a l  c h a r a c t e r i s t i c s  and w e r e  

s t a b l e  i n  t h e i r  operat ion.  This  i s  not  the  case i n  r e a l i t y ,  and i t  must be  

taken i n t o  account i n  an ana lys i s .  

I n  our case, too ,  t h e  t echn ica l  c h a r a c t e r i s t i c s  of t h e  s t a t i o n s  w e r e  d i f 

f e r e n t .  A type  Sp-3 s t a t i o n ,  b u i l t  i n  t h e  German Democratic Republic, w a s  ope

ra t ed  i n  Leningrad . I ts  frequency range w a s  0.5-20 MHz, and the  pu l se  l eng th  

w a s  about 100 p s e c ;  t h e  peak power i n  the  given frequency range ( f o r  t h e  antenna 
equiva len t )  w a s  approximately 1 5  t o  20 kW, t h e  sounding frequency w a s  30 sec-1, 
and the  scanning t i m e  of  t he  s t a t i o n  frequency range w a s  30 sec.  Rhombic an

tennas suspended a t  a he ight  of 38 m were used; t he  length  of  t h e  s i d e  of  t h e  

l a r g e  rhomb w a s  62 m, t h a t  of t he  s m a l l ,  34 m. 

A modernized s t a t i o n  b u i l t  by t h e  "Cossor" f i r m  w a s  used a t  Rugozero. Its 

frequency range w a s  1-18 MHz, t h e  pu l se  length  w a s  60 psec, and t h e  pu l se  re

p e t i t i o n  frequency w a s  50 sec- l .  The pulse  power va r i ed  from 2-5 kW. The scan

n ing  t i m e  of t he  frequency range w a s  about 15 sec .  Rhombic antennas were used, 

suspended on a 27-meter c e n t r a l  m a s t  and 15-meter s i d e  masts; t h e  d i s t ance  be

tween t h e  s i d e  m a s t s  w a s  about 100 m. 

A s t a t i o n  b u i l t  a t  t h e  Leningrad E lec t ro t echn ica l  I n s t i t u t e  of Communica- /117 

t i o n s  imeni Prof .  M.A. Bonch-Bruyevich [5]  w a s  used a t  Murmansk. Its frequency 
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range w a s  about 1-20 f-BIz, t h e  pu l se  l eng th  w a s  about 100 psec, t h e  p u l s e  repe

t i t i o n  frequency w a s  50 sec-l, t h e  p u l s e  power w a s  0.5-5 kW, and t h e  scanning 

t i m e  f o r  t h e  frequency range w a s  approximately 30 sec. A rhombic antenna w a s  

used, suspended on a 26-meter m a s t ;  t h e  s i d e  of  t h e  l a r g e  rhomb w a s  about 34 m, 

and t h e  small- about 23 m. The receiver of  t h e  Leningrad s t a t i o n  w a s  much 

more s e n s i t i v e  than  t h e  receivers a t  Rugozero and Murmansk. 

From these  d a t a  w e  can conclude t h a t  t h e  ionospher ic  s t a t i o n  a t  Leningrad 

had a s i g n i f i c a n t l y  g r e a t e r  r e so lv ing  power than  t h e  s t a t i o n s  a t  Rugozero and 

Murmansk ( t h e  d i f f e r e n c e  between t h e  l a t te r  i s  s l i g h t ) .  This  i s  immaterial i n  

comparing t h e  v a r i a b i l i t y  of c r i t i c a l  f requencies  and he igh t s  of r e g u l a r  l a y e r s  , 
bu t  t h e  technical c a p a b i l i t i e s  of  t h e  s t a t i o n s  must b e  kept  i n  mind when consi

der ing  t h e  frequency of occurrences of s e v e r a l  types  of E, ( l , f ) ,  anomalous ab

sorp t ion ,  o r  d i f f u s i v i t y .  

L e t  us  consider  t h e  v a r i a b i l i t y  of  t h e  parameters of t h e  F2 l aye r .  F igure  

1 shows t h e  change i n  t h e  fOF2 medians a t  Murmansk, Rugozero, and Leningrad i n  

t h e  course of 2 4  hours  f o r  var ious  seasons i n  1963. It is apparent  from t h e  

curves t h a t  t h e  n a t u r e  of t h e  changes i n  t h e  f0F2 medians i s  s imi l a r ,  b u t  t h a t  

t h e  abso lu te  median va lues  are a l s o  very c l o s e  a t  t h e  equinox and i n  summer. 

I n  summer, during t h e  hours preceding midnight, t h e  fOF2 a t  Leningrad i s  g r e a t e r  

than a t  Murmansk, whi le  t h e  r eve r se  i s  t r u e  a f t e r  midnight. The fOF2 maximum 

i s  observed a t  Leningrad a t  about 2 1h . The reason f o r  t h i s  maximum is no t  clear,  

bu t  t h e  inc rease  i n  fOF2 a t  Murmansk a f t e r  midnight can probably b e  explained 

by t h e  condi t ions  of i l l umina t ion  of t h e  F2 l a y e r .  There i s  a p o l a r  day t h e r e  

i n  June. Rugozero occupies  an in t e rmed ia t e  p o s i t i o n  nea r ly  everywhere. I n  

December, t h e  q u a n t i t a t i v e  d i f f e rences  i n  fOF2 a t  t h e  t h r e e  s t a t i o n s  are much 

g r e a t e r  than i n  win te r  and a t  t h e  equinox. There i s  a c l e a r l y  pronounced maxi

mum a t  noon a t  a l l  t h r e e  s t a t i o n s ,  although i t  i s  p o l a r  n i g h t  a t  Murmansk a t  

t h i s  t i m e ,  and t h e  s o l a r  r a d i a t i o n  passes  through t h e  denser  l a y e r s  of t h e  at
h hmosphere be fo re  i t  reaches t h e  F2 l a y e r .  During t h e  dayl ight  hours  (8 -17 ) 

the  f0P2 a t  Leningrad is h igher  t han  a t  Rugozero, and h ighe r  i n  t h e  l a t t e r  loca

t i o n  than at Murmansk. A t  18h-24 h t h e  fOF2 a t  Murmansk i s  h igher  (and a t  

Leningrad lower) t han  i n  Rugozero. Af t e r  midnight, t h e  fOF2 a t  Leningrad and 
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Figure 1. Diurnal  v a r i a t i o n  
fOF2 during var ious  seasons 
i n  1963 (according t o  
monthly medians). 
Time: LMT (30°E) 

1. Murmansk; 2. Rugozero; 
3. Leningrad. 

Murmansk d i f f e r  only s l i g h t l y ,  but they are 

lower a t  Leningrad u n t i l  7h . 

Obviously t h e  s o l a r  wave r ad ia t ion  is  de

cisive f o r  t h e  fOF2 a t  a l l  seasons during day

l i g h t  hours. The corpuscular  f a c t o r  is appa

r e n t  during the  hours  of darkness.  It  does not  1118 

appear as r egu la r ly  as t h e  e f f e c t  of t h e  wave 

r ad ia t ion ,  bu t  i t  seems t o  us t h a t  i t  is the  

s o l e  explana t ion  f o r  t h e  inc rease  i n  fOF2 dur

ing  t h e  n igh t  wi th  inc reas ing  l a t i t u d e .  

Figure 2 shows t h e  d i u r n a l  v a r i a t i o n  of 

the  he ight  of t he  maximum e l e c t r o n  dens i ty  of 

t h e  F2 l a y e r ,  assuming a pa rabo l i c  d i s t r ibu 

t i o n  of t h i s  dens i ty  with he ight  (hpF2). I n  

March, 1963, t h e  hpF2 w a s  d e f i n i t e l y  lower a t  

Rugozero during t h e  day l igh t  hours than a t  

Leningrad and Murmansk. No such r e g u l a r i t y  

w a s  observed i n  summer. I n  many ins t ances ,  

t he  hpF2 a t  Rugozero during the  win ter  n igh t s  

exceeded t h e  hpF2 a t  Leningrad and Murmansk. 

However, t h e  major po r t ions  of the  curves are 

not  marked by any r e g u l a r i t y ,  and i t  i s  d i f f i c u l t  t o  confirni any uniformity f o r  1119 

t h e  hpF2 curve. 

Figure 3 shows t h e  d i u r n a l  v a r i a t i o n  of t h e  frequency of occurrence of 

d i f f u s e  r e f l e c t i o n s  i n  the  F2 l aye r .  There i s  no doubt t h a t  t h e  t echn ica l  ca

p a c i t i e s  of t he  ionospheric  s t a t i o n s  exe r t  an inf luence  on t h e  numerical values  

of P(F).  The na tu re  of t h e  d i u r n a l  v a r i a t i o n  of P(F) is a l s o  s i g n i f i c a n t ,  how

ever.  It is apparent from t h e  graph t h a t  t h e  d i u r n a l  v a r i a t i o n  i s  c l e a r l y  evi

dent i n  summer (May-July) and a t  t h e  equinox (February-April) ,  wi th  a maximum 

occurr ing during t h e  hours nea r  midnight. During day l igh t  hours ,  t h e  frequency 

of  occurrence of  d i f f u s i v i t y  i s  g r e a t e s t  a t  Murmansk. From November t o  January 
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Figure 2. Diurnal v a r i a t i o n  of hpF2 
during var ious  seasons i n  1963 
(according t o  monthly medians). 
T i m e :  LMT (30°E). Notation t h e  
same as i n  Figure 1. 

Figure 3.  Diurnal v a r i a t i o n  of f r e 
quency of occurrence of d i f f u s i 
v i t y  P(F) i n  t h e  F2 region a t  
var ious  seasons. Time: LMT (30'E). 
Notation t h e  same a s  i n  Figure 1. 

t h e  P(F) a t  Murmansk is h igher  during dayl ight  hours than i n  Rugozero; i t  is 

approximately t h e  same a t  Murmansk and Rugozero a t  n ight .  A t  Leningrad, t h e  

P(F) exceeds 80% during t h e  n ight  and f a l l s  sharp ly  ( t o  about 20%) i n  t h e  day. 

The d i f f u s i v i t y  of t h e  p u l s e s  r e f l e c t e d  from t h e  ionosphere is explained by t h e  

inhomogeneity of t h e  ionosphere a t  t h i s  time. Inhomogeneity i n c r e a s e s  during 
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t h e  dark hours of t h e  day and toward higher l a t i t u d e s ;  it i s  t h e r e f o r e  n a t u r a l  

t o  relate i t  t o  t h e  i n f l u x  of corpuscular  r a d i a t i o n ,  as w e l l  as t o  processes 

i n  the  ionosphere i t s e l f .  The sharp drop i n  d i f f u s i v i t y  during t h e  dayl ight  

hours can be explained by t h e  inf luence  of s o l a r  wave r a d i a t i o n  t h a t  smooths 

o u t  t h e  inhomogeneities and l e a d s  t o  formation of an ionosphere t h a t  i s  more 

homogeneous i n  t h e  h o r i z o n t a l  d i r e c t i o n .  

Figure 4 shows t h e  median values  of fmin (a)  and foE(b) f o r  March, June,and 

December, 1963. The inf luence  of t h e  height  of t h e  sun above t h e  horizon i s  ob

vious i n  t h e  case of foE. The curves i n d i c a t e  an i n c r e a s e  i n  t h i s  parameter 

with decreasing l a t i t u d e ,  and t h i s  is esp'ecially n o t a b l e  i n  t h e  evening and 

morning hours i n  summer ( i n  June) and i n  t h e  hours near  noon i n  win ter  ( i n  De

cember). The e f f e c t  of corpuscular  r a d i a t i o n  on foE i s  a l s o  not  excluded a t  

t h e  high z e n i t h  d is tances  of t h e  sun i n  June. The seasonal  v a r i a t i o n s  a r e  q u i t e  

pronounced: while  t h e  E l a y e r  w a s  detected a t  a l l  s t a t i o n s  i n  June a t  a l l  hours 

of t h e  day (with t h e  except ion of 23h a t  Leningrad),  t h e  t i m e  of i t s  occurrence 

i n  December was l i m i t e d  t o  t h e  hours near  noon. Hence, as t h e  l a t i t u d e  in

creases ,  t h e  t i m e  i n t e r v a l  when t h e  E l a y e r  i s  observed grows narrower. The 

v a r i a b i l i t y  of t h e  medians f o r  foE is  q u i t e  r e g u l a r  i n  March and June; t h e  

maximum occurs a t  noon o r  a t  sunse t  and sunr i se .  I n  December, however, t h e  di

u r n a l  v a r i a t i o n  of foE i s  less r e g u l a r ,  e s p e c i a l l y  a t  Murmansk; corpuscular ra

d i a t i o n  appears when t h e  Sun i s  low i n  t h e  sky. 

The v a r i a b i l i t y  of fmin i s  ess regular  during t h e  day than  i s  t h a t  of foE. 

This i s  probably r e l a t e d  t o  some degree t o  t h e  f a c t  t h a t  t h e  reso lv ing  power of 

t h e  ionospheric  s t a t i o n s  d i f f e r s  within t h e  limits of t h e  frequency range of 

fmin v a r i a t i o n .  On t h e  o t h e r  hand, t h e  i r r e g u l a r  v a r i a b i l i t y  of fmin i t s e l f  

(and t h e  absorpt ion of r a d i o  waves i n  general)  i s  a c h a r a c t e r i s t i c  f e a t u r e  of 

t h e  ionosphere a t  high l a t i t u d e s .  It i s  c l e a r  from t h e  f i g u r e  t h a t  i n  March and 

June, 1963, t h e  changes i n  t h e  median f min a t  Leningrad and Rugozero w e r e  com

p a r a t i v e l y  r e g u l a r  and small, with t h e  maximum occurr ing i n  t h e  hours around 

noon. The changes i n  t h e  median fmin i n  December a t  Rugozero proceed q u i t e  

slowly (not changing markedly from one hour t o  t h e  n e x t ) ;  t h e  maximum i s  ob

served a t  noon and during t h e  hours n e a r  midnight. The v a r i a b i l i t y  of fmin at 
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Leningrad i n  December, 1963, (with minimum values  during t h e  hours near  noon and 

marked changes during t h e  evening and n ight  hours) i s  d i f f i c u l t  t o  expla in ,  how

ever. It may poss ib ly  b e  t h e  r e s u l t  of uns tab le  opera t ion  of t h e  instruments ,  

b u t  w e  have no d a t a  t h a t  would support  t h i s  c a t e g o r i c a l l y .  The v a r i a t i o n s  of 

fmin a r e  most i r r e g u l a r  a t  Murmansk. This i s  e s p e c i a l l y  n o t i c e a b l e  i n  June and 

December. Here t h e  d i f f e r e n c e  between t h e  v a r i a b i l i t i e s  of t h e  median f o E  and 

fmin is g r e a t e s t ;  t h i s  can b e  explained by t h e  n a t u r e  of t h e  spectrum of t h e  

corpuscular  r a d i a t i o n  t h a t  p e n e t r a t e s  t o  t h e  height  of t h e  D l a y e r  and does not  

produce any s i g n i f i c a n t  i o n i z a t i o n  i n  t h e  r e g u l a r  E l a y e r .  

Figure 5 shows t h e  frequency of occurrence of t h e  sporadic  E, l a y e r  a t  d i f 

f e r e n t  seasons: i n  win ter  (November-January), a t  t h e  equinox (February-April) ,  

and i n  summer (May-July). The technica l  c a p a b i l i t i e s  of t h e  ionospheric  sta

t i o n s  a r e  r e f l e c t e d  i n  t h e  absolu te  values  of t h e  frequency of occurrence of 

P ( E s ) ,  but  t h e  v a r i a b i l i t y  of P(Es)  during t h e  day i s  highly c h a r a c t e r i s t i c .  /120 

A t  Leningrad, P (Es )  is h igher  i n  t h e  dayl ight  hours and lower a t  n ight  a t  

a l l  seasons of t h e  year .  The absolu te  va lues  of P(Es)  dur ing t h e  d a y l i g h t  hours 

reach 90 and 100% (they are higher  i n  summer and a t  t h e  equinox). 

The curves of P(Es)  a t  Leningrad and Murmansk i n  win ter  and a t  t h e  equinox 

are mir ror  images of one another .  The minimum P ( E  ) i s  observed a t  Murmansk i n  
S 


t h e  hours near  noon, and t h e  maximum occurs near  midnight. I n  summer t h e r e  a r e  

two maxima: one (smaller)  near  noon and the, o ther  n e a r  midnight. The n a t u r e  

of t h e  d i u r n a l  v a r i a t i o n  of P(Es)  a t  Rugozero i n  win ter  i s  t h e  same a s  a t  Mur

mansk, bu t  i n  summer i t  is t h e  same as a t  Leningrad. It is  i n t e r e s t i n g  t o  note  

t h a t  t h e  minimum a t  15h occurs simultaneously a t  a l l  t h r e e  s t a t i o n s .  A t  t h e  

equinox, however, t h e  d i u r n a l  v a r i a t i o n  of P(Es)  a t  Rugozero d i f f e r s  from t h a t  

a t  Leningrad and a t  Murmansk; a t  t h i s  t i m e ,  P(Es)  a t  Rugozero i s  s m a l l  i n  abso

l u t e  va lues  a t  a l l  hours of t h e  day and changes s l i g h t l y  from one hour t o  t h e  

next .  The equinox a t  Rugozero is t h e  t i m e  when t h e  n a t u r e  of t h e  d i u r n a l  vari

a t i o n  changes from h i g h - l a t i t u d i n a l  ( i n  winter)  t o  middle- la t i tud ina l  ( i n  sum

mer). 
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Figure 4 .  Diurnal v a r i a t i o n  of fmin (a )  and f E (b) a t  
var ious seasons i n  1963 (according t o  monthyy medians). 
T i m e :  LMT (3O0E). Notation t h e  same as f o r  Figure 1. 

Figure 6 shows t h e  d i u r n a l  v a r i a t i o n  of t h e  frequency of occurrence of E, /121 
of d i f f e r e n t  types during t h e  s a m e  seasons.  The t o t a l  number of cases  of occur

rence on t h e  ionograms of t h e  E, l a y e r  i s  taken as 100%. It i s  clear t h a t  Type 

r appears a t  Leningrad only i n  i s o l a t e d  ins tances  and only a t  n i g h t .  It  i s  en

countered most o f t e n  a t  Murmansk, but  t h e  frequency of occurrence of t h e  Type r 

E, i s  s i g n i f i c a n t  a t  Rugozero, e s p e c i a l l y  i n  win ter  and a t  t h e  equinox. The 

minimum i n  t h e  d i u r n a l  v a r i a t i o n  of the ' f requency  of occurrence of t h e  Type r 

E, i s  observed i n  t h e  hours n e a r  noon, while  t h e  maximum occurs near  midnight. 

The graph i n  Figure 6 emphasizes once again t h a t  t h e  E,, i s  a phenomenon char

a c t e r i s t i c  of t h e  a u r o r a l  zone. A t  Rugozero t h e  E,, occurs a t  a l l  seasons,  but  

an Esr l a y e r  of t h i s  type i s  p r a c t i c a l l y  never observed a t  Leningrad during 
moderate s o l a r  a c t i v i t y .  
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Types 2 and f a r e  s i m i l a r  i n  s t r u c t u r e  

and t h e  use  of one symbol o r  t h e  o t h e r  de

pends on t h e  t i m e  of day: t h e  symbol f i s  

used f o r  t h e  dark p a r t  of t h e  day, and Z 
f o r  t h e  dayl ight  por t ion .  This i s  a f l a t  

l ayer ;  t h e  l i m i t i n g  frequency of r e f l e c t i o n  

from i t  depends on t h e  reso lv ing  power of 

t h e  ionospheric  s t a t i o n .  It i s  evident  from 

I
I I

I 
I I t h e  graph t h a t  t h e  frequency of occurrence 

of Es (Types Z and f )  during t h e  dark 

p a r t  of t h e  day i s  very high (near ly  100%) 

and decreases  during dayl ight  hours.  It 

i s  t r u e  t h a t  a s l i g h t  m a x i m u m  i s  observed i n  

summer during t h e  hours a f t e r  noon. I n  

summer, t h e  d i u r n a l  v a r i a t i o n  of P(Es) f+Z 
i s  s i m i l a r  a t  a l l  t h r e e  s t a t i o n s .  This cannot 

be s a i d  a t  o t h e r  seasons.  The m a x i m u m  

P(Es)f+Z i n  win ter  a t  Murmansk is  observed 

a t  gh, and t h e  P(Es)f+l values  during t h e  

hours of darkness a r e  d e f i n i t e l y  s m a l l e r  

than during t h e  daytime. The d i u r n a l  

v a r i a t i o n  of P(E_)f+Z i n  win ter  *-iss i m i l a r  
b 

I a t  Rugozero and Leningrad, although t h e  
I 

8 12 16 20 LMT d i f f e r e n c e  between t h e  daytime and night-

Figure 5. Diurnal v a r i a t i o n  of t h e  timevalues  i s  n o t  so s i g n i f i c a n t  here .  A t  
frequency of occurrence of t h e  
sporadic  E l a y e r  a t  various Murmansk, P(Es)f+z i s  much g r e a t e r  i n  t h e  day-
seasons. LMT (3O0E) - No- l i g h t  hours a t  t h e  equinox than a t  n i g h t ,  but
t a t i o n  same as f o r  Figure 1. 

t h e  v a r i a b i l i t y  of t h i s  va lue  from one hour t o  

t h e  next  i s  very g r e a t .  Moreover, t h i s  does n o t  provide a b a s i s  f o r  far-reaching 

conclusions,  s i n c e  t h e  t o t a l  number of cases  when E is observed during t h i s  t i m e  
S 

i s  r e l a t i v e l y  s m a l l .  A t  Rugozero, t h e  v a r i a b i l i t y  of P(E s)f+Z from one hour t o  

t h e  next  i s  a l s o  g r e a t ,  but  t h e  frequency of occurrence of t h e  E 
S 

of t h e s e  types 

has a minimum i n  t h e  evening hours  and a maximum near  midnight. 

Evident ly ,  Es ( types 2 and f )  can b e  produced by both wave and corpuscular  /122-
177 
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Figure 6.  Diurnal v a r i a t i o n  of t h e  frequency of occurrence of t h e  
sporadic  Es l a y e r  (Types r ,  Z, f , and c)  a t  d i f f e r e n t  seasons. 
T i m e :  LMT (3O0E). Notation same a s  f o r  Figure 1. 

r a d i a t i o n  from t h e  sun. The d i u r n a l  v a r i a t i o n  of P(E ) changes with l a t i t u d e :  
a t  t h e  l a t i t u d e  of Leningrad, E

S 
-of these  types occur' E h a r i l y  a t  n ight .  A t  

t h e  l a t i t u d e  of Rugozero i n  summer, EsZ and E a r e  a l s o  encountered pr imar i ly
Sf 


a t  n i g h t ,  but  a t  t h e  equinox and i n  win ter  they can be encountered with t h e  

same frequency i n  the  day as  i n  t h e  n i g h t .  A t  t h i s  t i m e ,  P(Es) v a r i e s  q u i t e  

sharp ly  and i r r e g u l a r l y  from one hour t o  t h e  next .  A t  Murmansk, EsZ and Es f  
a r e  a l s o  encountered pr imar i ly  a t  n ight  i n  summer [ t h e  maximum P(E ' )  is  

S Z  

observed during t h e  hours near  midnight] ,  but  t h e  frequency of occurrence of 

E
S 

( types Z and f )  i s  much h igher  during dayl ight  hours a t  t h e  equinox and 

e s p e c i a l l y  i n  winter .  ( I t  should be emphasized t h a t  t h e  genera l  frequency of 

occurrence of Es a t  Murmansk and a t  Rugozero i n  win ter  and at t h e  equinox is 

very low; see Figure 5). 
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The va lue  P(Esc) is maximum i n  t h e  day and equal  t o  zero a t  n ight .  It is 

obvious t h a t  t h e  occurrence of E (Type c) i s  r e l a t e d  t o  t h e  s o l a r  wave rad-
S 

i a t i o n .  

The lack of r e f l e c t i o n s  from t h e  ionosphere on t h e  ionograms ("blackout", B) 

is a phenomenon t h a t  is  t y p i c a l  of the a u r o r a l  zone. As w e  can see (Figure 7) 

no blackouts  w e r e  observed i n  1962 - 1963 a t  Leningrad, and they w e r e  very 

rare at  Rugozero. I n  summer and a t  t h e  equinox, cases of B a t  Rugozero w e r e  

s c a t t e r e d  and occurred only a t  n ight .  A t  Murmansk, however, P(B) exceeded 

20 and 30%a t  c e r t a i n  hours.  B could b e  observed a t  a l l  hours of t h e  day and 1123-
n i g h t ,  but  P(B) w a s  minimal i n  summer during t h e  af ternoon (14 - 19h 1. The 

m a x i m u m  P(B) was observed near  midnight. The reason f o r  t h e  lack  of r e f l e c t i o n s  

( a u r o r a l  absorpt ion)  can n a t u r a l l y  be found i n  t h e  pene t ra t ion  of e n e r g e t i c  

p a r t i c l e s  i n t o  t h e  lower ionosphere. The southern  boundary of t h e  zone of 

a u r o r a l  absorpt ion with moderate s o l a r  a c t i v i t y  (W GZ 30 - 50) r a r e l y  drops 

( a t  a given longi tude)  t o  t h e  south of 64', and i s  loca ted  t o  t h e  n o r t h  of 

t h a t  l a t i t u d e  i n  t h e  major i ty  of cases. 

Figure 8 shows t h r e e  examples of ionospheric-magnetic dis turbances t h a t  

occurred on 5 J u l y ,  19 September 1962, and 31 January 1963. The graph shows 

t h e  hourly va lues  f o r  fmin and t h e  amplitude of t h e  v a r i a t i o n s  of t h e  

h o r i z o n t a l  component of t h e  geomagnetic f i e l d  according t o  t h e  d a t a  of t h e  

v a r i a t i o n  s t a t i o n  a t  Loparskaya (near Murmansk). I n  t h e  f i r s t  i n s t a n c e  (5 Ju ly)  

RH does not  even reach 100 y. A t  Leningrad, fmin i s  about 1MHz during t h e  

e n t i r e  e x c i t e d  per iod,  and is somewhat h igher  a t  Rugozero ( a  s t a t i o n  wi th  a 

lower reso lv ing  power) but  does not  exceed 2 MHz. One may conclude t h a t  t h e  lower 

ionosphere w a s  no t  d i s turbed  here .  A t  Murmansk, however, a t  t h e  same t i m e  

anomalous absorpt ion o'r a high va lue  of fmin (above 3 MHz) w a s  observed during 

most of t h e  per iod.  

On 19 September RH exceeded 100 y f o r  most of t h e  e x c i t e d  period. It is 

i n t e r e s t i n g  t h a t  fmin w a s  somewhat h igher  a t  Leningrad, while  a t  Rugozero 

it w a s  more than 2 MHz and i n  some cases even reached 3 MHz. A t  Murmansk t h e r e  
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Figure 7. Diurnal v a r i a t i o n  of 
frequency of occurrence of anomalous 
absorpt ion [P(B)] a t  d i f f e r e n t  seasons. 
Time: LM?. (30"E). Triangles:  d a t a  
f o r  Leningrad; Other n o t a t i o n ,  
same as Figure 1. 
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Figure 8. Var ia t ion  of fmin during 
ionospheric  dis turbances.  RH : 
according t o  d a t a  from t h e  
magnetic v a r i a t i o n  s t a t i o n  of t h e  
p o l a r  Geophysical I n s t i t u t e  a t  
Loparskaya. Notat ion,  same as 
Figure 1. 

w e r e  no r e f l e c t i o n s , a n d  increased values  of fmin w e r e  observed. However, t h e  

fluin a t  Murmansk f e l l  below 3 MHz beginning a t  1 2 h  . This  drop i n  fmin 
roughly corresponds t o  t h e  drop i n  % a t  Loparskaya. Note t h a t  fmin i s  h igher  I124 

hat Rugozero than a t  Murmansk from 12h t o  14 . 
On 31 January 1963, t h e  magnetic dis turbance a t  Loparskaya was p a r t i c u l a r l y  

s t rong:  % w a s  sys temat ica l ly  h igher  than 100 y and i n  a number of cases 

exceeded 200 and 300 y . No dis turbance whatsoever occurred i n  t h e  lower 

ionosphere at Leningrad ; fmin w a s  below 1MHz on almost a l l  days. A t  Rugozero 

at t h i s  time, t h e  lower ionosphere w a s  severe lydis turbed ,  increased  fmin 
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values  w e r e  recorded, and i n  a number of cases t h e r e  w a s  anomalous absorpt ion 

as w e l l .  The va lue  of fmin underwent sharp v a r i a t i o n s  from one hour t o  t h e  

next ,  which is a l s o  c h a r a c t e r i s t i c  f o r  a dis turbance i n  t h e  lower ionosphere i n  

t h e  a u r o r a l  zone. N o  r e f l e c t i o n s  w e r e  recorded a t  t h e  ionospheric  s t a t i o n  a t  

Murmansk from 0 t o  14h , b a t  from 18h t o  24h fmin f e l l  and d id  n o t  reach 3 MHz. 

From 1 5h t o  21h,fmin w a s  again h igher  a t  Rugozero than a t  Mumansk. 

I n  t h i s  a r t ic le ,  w e  have considered some of t h e  f e a t u r e s  of t h e  ionosphere 

i n  t h e  sub-auroral  zone (Rugozero). They w e r e  compared with t h e  ionosphere i n  

t h e  a u r o r a l  zone (Munnansk) and a t  lower l a t i t u d e s  (Leningrad). Note once again 

t h a t  w e  are deal ing with a per iod of moderate s o l a r  a c t i v i t y :  i n  1962 - 1963 

t h e  average monthly va lues  of w v a r i e d  from 13.7 t o  62.9 [ 6 ] .  

There i s  s c a r c e l y  any need f o r  a d e t a i l e d  comparison of t h e  f e a t u r e s  of 

the  v a r i a b i l i t y  of t h e  ionospheric  parameters a t  Rugozero and Salekhard,  which 

w e r e  analyzed i n  [l-41. These papers d e a l t  with m a t e r i a l  f o r  years  of high 

s o l a r  a c t i v i t y .  The observat ion p o i n t s  w e r e  l o c a t e d  a t  d i f f e r e n t  geographic 

and geomagnetic l a t i t u d e s  ( (pp .= 64" 05"; = +59.6"; (pc = 66" 32';@,. = +49.g0). 

I n  a d d i t i o n ,  i t  was q u i t e  clear from t h e  d a t a  given t h a t  many of  t h e  r e g u l a r i t i e s  

t h a t  a r e  c h a r a c t e r i s t i c  of t h e  ionosphere of t h e  subauroral  zone during a 

per iod of high s o l a r  a c t i v i t y  [l-41 a l s o  occur during lower a c t i v i t y .  

Of t h e  r e g u l a r  f e a t u r e s  of ionospheric parameter l a t i t u d i n a l  v a r i a b i l i t y  

t h a t  occur during t h e  per iod of moderate s o l a r  a c t i v i t y ,  w e  should l i k e  t o  ca l l  

a t t e n t i o n  t o  t h e  following. The c r i t i c a l  f requencies  of t h e  r e g u l a r  l a y e r s  fOF2 

and F0E change r e g u l a r l y  during dayl ight  hours  ( increas ing  with decreasing 

z e n i t h  d i s t a n c e  and having t h e i r  maximum approximately a t  noon) and i n c r e a s e  

with decreasing l a t i t u d e .  A maximum f o r  f 0F2 has  a l s o  been recorded a t  noon 

at a s t a t i o n  i n  t h e  a u r o r a l  zone during win ter ,  al though t h e  s o l a r  wave 

r a d i a t i o n  passes  through t h e  denser l a y e r s  of t h e  atmosphere before  i t  reaches 

t h e  F2 l a y e r .  The d i f f e r e n c e  between t h e  absolu te  va lues  of t h e  parameters i n  

ques t ion  i s  g r e a t e r  i n  win ter  than a t  o t h e r  seasons.  The changes i n  fOF2 

181 



IIIIIII I l l  I I 1  I I 


are n o t  as r e g u l a r  a t  n i g h t  as i n  t h e  day, but  i n  t h e  major i ty  of cases  f 0F2 

increases  with increas ing  l a t i t u d e .  Hence, a t  t h e  l a t i t u d e s  i n  quest ion,  t h e  

v a r i a b i l i t y  of f 0F2 is  determined mainly by s o l a r  wave r a d i a t i o n  ( t h e  z e n i t h  

d i s t a n c e  of t h e  sun) during t h e  day and by corpuscular  r a d i a t i o n  a t  n ight .  The 

inf luence  of t h e  corpuscular  r a d i a t i o n  makes i t s e l f  f e l t  ( a t  a l l  the  s t a t i o n s  

mentioned) both by a s i g n i f i c a n t  increase  i n  ionospheric  inhomogeneities a t  

n ight  ( a s  revealed by t h e  d i f fuseness  of r e f l e c t e d  s i g n a l s )  and i n  t h e  i r r e g u l a r  

v a r i a t i o n  of t h e  absorp t ion  of rad io  waves i n  t h e  ionosphere. 

The Es l a y e r  can be produced by both t h e  and corpuscular r a d i a t i o n  

from t h e  sun. The c r i t i c a l  f a c t o r  f o r  t h e  Es ( type  r )  l a y e r  i n  t h e  a u r o r a l  

zone is t h e  s o l a r  corpuscular  rad ia t ion .  This  l a y e r  occupies a r a t h e r  ex tens ive  

range of a l t i t u d e s ,  and i t  is  t h e r e f o r e  p o s s i b l e  t o  assume t h a t  t h e  spectrum of 

t h e  p a r t i c l e  f l u x  t h a t  produces E sr is q u i t e  broad and contains  components with 

d i f f e r e n t  energ ies .  A t  t h e  l a t i t u d e  of Leningrad, Esr i s  encountered only on 

i s o l a t e d  occasions.  The Es ( type f )  l a y e r  i s  ev ident ly  a l s o  produced by 

corpuscular  r a d i a t i o n .  However, t h e  spectrum of t h e  p a r t i c l e s  t h a t  produce t h e  

Esf i s  very narrow, s i n c e  t h i s  l a y e r  occupies  a very l i m i t e d  range of he ights .  


The frequency of occurrence of t h e  E 
S 

( type  f )  l a y e r  i n c r e a s e s  wi th  decreasing /125 

l a t i t u d e .  W e  can conclude t h a t  t h e  energy spectrum of t h e  p a r t i c l e s  of t h e  


corpuscular f l u x  t h a t  produce i o n i z a t i o n  a t  t h e  level of the  E region grows 


narrower as t h e  l a t i t u d e  decreases .  Therefore,  t h e  va lue  of P(E s f  ) may b e  affec 


t e d  by t h e  instrument parameters,  and t h e  l as t  reading must be considered as 


preliminary.  A l a y e r  similar t o  the EsZ may probably b e  produced by s o l a r  


wave r a d i a t i o n  as w e l l  . The cause of t h e  appearance of t h e  sporadic  Es 


l a y e r  ( type  c ) ,  as f a r  as we can determine from t h e  a v a i l a b l e  da ta ,  i s  s o l a r  


wave r a d i a t i o n .  


Anomalous absorp t ion  of r a d i o  waves i n  t h e  ionosphere,  ind ica ted  by an 

absence of r e f l e c t i o n s  i n  t h e  ionograms, i s  caused by f l u x e s  of p a r t i c l e s  

pene t ra t ing  t h e  D region of t h e  ionosphere. This phenomenon is  c h a r a c t e r i s t i c  

of t h e  a u r o r a l  zone, and r a r e l y  appears before  t h e  l a t i t u d e  of Rugozero during 

moderate s o l a r  a c t i v i t y ,  while  i t  i s  never encountered a t  a l l  a t  t h e  l a t i t u d e  

of Leningrad (once again we s h a l l  no t  be c a t e g o r i c a l  i n  t h i s  regard,  keeping 

i n  mind t h e  d i f f e r e n c e s  i n  t h e  technica l  c h a r a c t e r i s t i c s  of t h e  ionospheric  
s t a t i o n s ) .  
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The energy spectrum of t h e  corpuscular  r a d i a t i o n  i s  h ighly  v a r i a b l e  with 

t i m e ,  whi le  t h e  spectrum i n  t h e  a u r o r a l  zone, as a r u l e ,  h a s  a predominance of 

components t h a t  produce a d d i t i o n a l  i o n i z a t i o n  i n  t h e  E and D regions (at 

h e i g h t s  of 100 km and below). The energy spectrum of t h e  p a r t i c l e  f l u x e s  

t h a t  cause anomalous absorp t ion  i s  highly i r r e g u l a r  i n  space ( t h e  D region a t  

lower l a t i t u d e s  is  sometimesisubjected t o  a more i n t e n s e  a c t i o n  of t h e  f l u x  

than at  t h e  usua l  l a t i t u d e s  of t h e  a u r o r a l  zone). This  too ,  i t  s e e m s  t o  us, 

can be explained by v a r i a t i o n s  i n  t h e  spectrum of t h e  p a r t i c l e  f lux .  

A s h i f t  t o  lower l a t i t u d e s  of t h e  regions where phenomena t y p i c a l  of t h e  

a u r o r a l  zone are observed ( i n  p a r t i c u l a r ,  t h e  anomalous absorpt ion of r a d i o  

waves), i .e . ,  a s h i f t  of t h e  southern l i m i t  of t h e  a u r o r a l  zone, i s  c l o s e l y  

l i n k e d  t o  t h e  e x c i t a b i l i t y  of t h e  geomagnetic f i e l d  i n  t h e  a u r o r a l  zone. A t  

an amplitude of t h e  h o r i z o n t a l  component RH exceeding lOOy , t h e  e x c i t a t i o n  

i n  t h e  D region can reach t h e  l a t i t u d e  of Rugozero ( t h e  i n c r e a s e  i n  fmin can b e  

observed a t  t h e  l a t i t u d e  of Leningrad as w e l l ) ,  and a t  RH g r e a t e r  than 200 
300 Y, i t  can i n  a l l  p r o b a b i l i t y ,  reach s t i l l  f a r t h e r  south.  

Thus, i n  t h e  case of t h e  l o n g i t u d i n a l  i n t e r v a l  under cons idera t ion ,  dur

i n g  moderate s o l a r  a c t i v i t y ,  a tendency toward s h i f t i n g  of t h e  southern bOund

a r y  of t h e  zone of anomalous absorpt ion during magnetic d i s turbances ,  has  been 

confirmed - a tendency which w a s  s tud ied  previously.  

I n  t a l k i n g  about t h e  southern boundary of t h e  a u r o r a l  zone, w e  s h a l l  keep 

i n  mind t h i s  l i m i t  of anomalous absorpt ion.  I f  w e  determine t h e  l i m i t  of t h e  

a u r o r a l  zone on t h e  b a s i s  of phenomena i n  t h e  E region ( t h e  appearance of t h e  

Esr o r  Es f  l a y e r s ) ,  w e  come t o  t h e  conclusion t h a t  i t  can sometimes s h i f t  down 

t o  t h e  l a t i t u d e  of Leningrad o r  even f a r t h e r  south.  On t h e  b a s i s  of t h e  F2 

reg ion ,  however, i t  e v i d e n t l y  moves t o  s t i l l  lower l a t i t u d e s .  I f  w e  are 

t a l k i n g  about an averaged c h a r a c t e r i s t i c ,  then on t h e  b a s i s  of an a n a l y s i s  

of t h e  d i u r n a l  v a r i a t i o n s  of f min’ P(B), and P(Fs) at  d i f f e r e n t  seasons,  w e  

can come t o  t h e  conclusion t h a t  t h e  southern boundary of t h e  a u r o r a l  zone 

varies wi th  t h e  seasons.  It extends f a r t h e r  south i n  win ter  than i n  smmer;  

it extends f a r t h e r  n o r t h  i n  t h e  day than at n ight .  W e  must a l s o  p o i n t  ou t  
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t h a t  t h e  c r i t i ca l  f requencies  of t h e  F2 l a y e r  i n  t h e  a u r o r a l  zone are q u i t e  

s t a b l e  during moderate s o l a r  a c t i v i t y .  Cases of  a s i g n i f i c a n t  (above 20%) 

d e v i a t i o n  of f 0F2 from t h e  median values  are n e a r l y  nonexis ten t .  

W e  should a l s o  poin t  ou t  i n  t h i s  regard t h e  seasonal  e f f e c t  t h a t  w a s  

observed i n  [9]. A t  t h e  same magnetic storm i n t e n s i t y ,  t h e  c u r r e n t s  of t h e  

zone of luminescence i n  win ter  s h i f t  toward lower l a t i t u d e s  than i n  summer, 

and t h i s  d i f f e r e n c e  increases  with an i n c r e a s e  i n  t h e  i n t e n s i t y  of t h e  storm. 

This i s  y e t  another  i n d i c a t i o n  of t h e  i n t e r a c t i o n  of phenomena i n  t h e  a u r o r a l  

zone. Amore d e t a i l e d  s tudy of t h e  v a r i a b i l i t y  i n  t i m e  and space of ionospheric  

parameters i n  t h e  a u r o r a l  and sub-auroral  zones, as w e l l  as a s tudy of t h e  

r e l a t i o n s h i p  of t h i s  v a r i a b i l i t y  t o  t h e  geomagnetic e x c i t a b i l i t y ,  would be of -I126 


g r e a t  i n t e r e s t .  

The authors  express  t h e i r  g r a t i t u d e  t o  t h e  d i r e c t o r s  of t h e  Leningrad 

Branch of IZMIRAN (The I n s t i t u t e  of Terrestrial Magnetism, t h e  Ionosphere, 

and Radio Wave Propagation of theUSSR Academy of Sciences) f o r  making a v a i l a b l e  

t h e  d a t a  from t h e  Leningrad Ionospheric S t a t i o n  (Voyeykovo) and a l s o  t o  G. N. 

Shchegol'kova and I. N. Berezin of t h e  Polar  Geophysical I n s t i t u t e  f o r  

t h e i r  a s s i s t a n c e  with c a l c u l a t i o n s  and formulat ing t h e  work. 
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HIGH ALTITUDE VELOCITY DISTRIBUTION OF IONOSPHERIC 
DRIFT AND STRENGTH OF THE ELECTRIC FIELD I N  THE F2 LAYER 

R. S. Sadobnikova 

ABSTRACT. The paper d iscusses  t h e  dependence of t h e  
v e l o c i t y  of ionospheric  d r i f t s  i n  t h e  a u r o r a l  zone on height :  
with t h e  i n c r e a s e  of height ,  t h e  d r i f t  v e l o c i t y  diminishes.  
A s  t h e  d r i f t  i n  t h e  F2 region is c a r r i e d  out  mainly under t h e  
e f f e c t  of t h e  e l e c t r o s t a t i c  f i e l d s  perpendicular  t o  t h e  
geomagnetic f i e l d ,  a conclusion i s  made t h a t  t h e  e lectr ic  
f i e l d  is formed i n  t h e  dynamo-region. The paper presents  
t h e  eva lua t ions  of t h e  s t r e n g t h  of t h e  e lec t r ic  f i e l d  a t  t h e  
he ight  of 200 km, as w e l l  as t h e  s i z e s  of inhomogeneities 
causing t h e  c r e a t i o n  of t h e  e lectr ic  f i e l d  which b r i n g s  about 
t h e  d r i f t s  i n  t h e  F region. 

It is  u n i v e r s a l l y  recognized t h a t ,  s i n c e  t h e  F2 l a y e r  i s  a region of I127 

mean f r e e  pa ths  f o r  both e l e c t r o n s  and f o r  i o n s ,  t h e  movement of t h e  ionized 

gas component i n  F2 takes  p l a c e  e s s e n t i a l l y  under t h e  inf luence  of e l e c t r o 

s t a t i c  f i e l d s  perpendicular  t o  t h e  geomagnetic f i e l d .  

With respec t  t o  t h e  o r i g i n  of t h e  e l e c t r i c  f i e l d  i n  t h e  ionosphere,  t h e r e  

are two p o i n t s  of view [l]. On t h e  one hand, i t  i s  assumed t h a t  t h e  e lectr ic  

f i e l d  a r i s e s  as a r e s u l t  of t h e  i n t e r a c t i o n  of t h e  s o l a r  wind with t h e  lower 

p a r t s  of t h e  magnetosphere and i s  t ranspor ted  t o  t h e  ionosphere because of 

high conduct ivi ty  along magnetic l i n e s  of force .  According t o  t h e  theory of 

Martin,  i t  o r i g i n a t e s  i n  t h e  dynamo region. The n e u t r a l  gas i n  t h e  lower p a r t  

of t h e  ionosphere moves under t h e  inf luence  of t h e  t i d a l  f o r c e s ,  t ak ing  with 

i t  t h e  ionized component. A cur ren t  i s  produced which i s  accompanied by an 

e l e c t r i c  f i e l d  a t  t h e  boundaries of t h e  conduct ivi ty  inhomogeneities. Reaching 

region F, t h e  e lectr ic  f i e l d  produces an inhomogeneous d r i f t  ( 'Notor" e f f e c t ) .  
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'The speed of t h e  d r i f t  v = cE/H [l, 21. I n  t h i s  expression,  t h e  

geomagnetic f i e l d  s t r e n g t h  may be  taken t o  b e  cons tan t ,  s i n c e  even f o r  s t rong  

d is turbances  i t  changes by about 1%.Since t h e  magnetic f i e l d  changes 

wi th  a l t i t u d e  as R-3, where R is t h e  d i s t ance  from t h e  center of t h e  Ea r th  i n  

t h e  F l a y e r  (200 - 400 km),  t h i s  change w i l l  be about 8%. I n  order  t o  avoid 

complicating t h e  problem, w e  w i l l  t ake  H = const .  I f  t h e  a l t i t u d e  d i s t r i b u t i o n  

of t h e  d r i f t  v e l o c i t y  v i n  t h e  F reg ion  (and poss ib ly  i n  E) i s  known one 

can c a l c u l a t e  where t h e  e lectr ic  f i e l d  o r i g i n a t e s  -- h ighe r  o r  lower than  t h e  

region under cons idera t ion .  

Based on t h e  d r i f t  v e l o c i t y  of very  s m a l l  scale inhomogeneities made a t  

t h e  Po la r  Geophysical I n s t i t u t e  a t  Loparskaya i n  1958 - 1 9 6 4 ,  graphs were 

compiled of  t h e  dependence of t h e  d r i f t  v e l o c i t y  on t h e  a l t i t u d e  i n  t h e  F2 

l a y e r  (Figure 1 ) .  A s  can be  seen i n  t h e  f i g u r e ,  wi th  an inc rease  i n  h e i g h t ,  

t h e  speed, and consequently t h e  e l e c t r i c  f i e l d ,  decreases .  This  f a c t  shows t h a t  

a t  high l a t i t u d e s ,  an e l e c t r i c  f i e l d  i s  produced below the  F2 l a y e r ,  apparent ly  

i n  the  dynamo region ( l a y e r  E).  

I n  F igure  2 ,  h is tograms are presented of t he  d i s t r i b u t i o n  of t h e  number of 

observa t ions  i n  a day f o r  a l t i t u d e s  <300 and > 300 km. It  can be  seen t h a t  i n  

t h e  daytime t h e r e  w e r e  more f requent  observa t ions  of r e f l e c t i o n s  from lower 

a l t i t u d e s  and, on t h e  o t h e r  hand, during t h e  n i g h t  t he rewere  r e f l e c t i o n s  from 

> 300 km. Graphs f o r  day and n igh t  observa t ions  (Figure 3) w e r e  compiled 

sepa ra t e ly ,  i n  order  t o  e s t a b l i s h  whether t h e  a l t i t u d i n a l  d r i f t  v e l o c i t y  

d i s t r i b u t i o n  shown i n  F igure  1 is a r e f l e c t i o n  of t h e  a l t i t u d i n a l  d i u r n a l  

p a t t e r n  of t h e  r e f l e c t i n g  regicn.  It may be  seen from t h e  graphs t h a t  t h e  

d r i f t  v e l o c i t y  decreases  wi th  a l t i t u d e  dur ing  both t h e  n i g h t  and t h e  day. 

Therefore, i t  may be  assumed t h a t  t h e  dependence v (h) shown i n  F igure  1 

corresponds t o  an. a l t i t u d i n a l  d r i f t  d i s t r i b u t i o n , a n d  n o t  t o  a t i m e  d i s t r i b u t i o n .  

It is even p o s s i b l e  t h a t  t h e  d i u r n a l  p a t t e r n  of t h e  d r i f t  v e l o c i t y  i s  due t o  

i t s  a l t i t u d i n a l  d i s t r i b u t i o n :  during t h e  daytime , observa t ions  w e r e  performed 

a t  low a l t i t u d e s ,  and the re fo re ,  t h e  d r i f t  v e l o c i t y  i s  g r e a t e r  i n  t h e  daytime. 

/128 
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u. m/sec 

tnoI=----
Figure 1. Dependence of d r i f t  
v e l o c i t y  on a l t i t u d e .  

I f  t h e  ionosphere conduct iv i ty  along 

t h e  magnetic f o r c e  l i n e s  and perpendicular  

t o  them is known, w e  may c a l c u l a t e  t h e  

electric f i e l d  s t r e n g t h . $  as a func t ion  of 

a l t i t u d e  [4, 51. L e t  us  assume t h a t  an 

electric f i e l d  arises a t  t h e  boundaries of 

t h e  inhomdgeneities having t h e  form of t h e  

h o r i z o n t a l  l a y e r  with t h e  width 2 and extended 

along t h e  p a r a l l e l .  I n  t h e  region F t h i s  

f i e l d  produces a h o r i z o n t a l  e lectromotive 

f o r c e  equal  t o  E0 a t  = . a l t i t u d e  of 200 km. 

L e t  us i n v e s t i g a t e  t h e  e lectr ic  l i n e a r  

diagram (Figure 4). The r e s i s t a n c e  of 

s e c t i o n s  AoAl , BOBl, ..., AnAn+l , BnBn+l ,... 
equals  R. The r e s i s t a n c e  .of t h e  leakage,  

i .e.,  s e c t i o n s  %Bl, ...., AnBn, ..., equals  r. 

The d i s t a n c e  A Bo,.. ., AnBn,. .. equals  2. 

L e t  us in t roduce  t h e  c u r r e n t  p r o f i l e s  as shown i n  Figure 4. The Kirchhoff 

equat ion f o r  t h e  s e c t i o n  An-lAn Bn-lBn w i l l  have t h e  form 

This l i n e a r  d i f f e r e n c e  equat ion of second order  has  two l i n e a r l y  independent 

s o l u t i o n s  ean and e-an, where a is determined f o r  t h e  equat ions 

wi th in  an accuracy of s m a l l  terms of t h e  t h i r d  order ,  s i n c e  t h e  conduct ivi ty  

along t h e  magnetic f o r c e  l i n e  is g r e a t e r  than i t  i s  perpendicular  t o  i t  

( r>  I?) . Since t h e  f i e l d  decreases  with a l t i t u d e ,  t h e  s o l u t i o n  of ean 

does n o t  s a t i s f y  t h e  condi t ion  in,f o r  n 4 00. 
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Figure 2.  Histogram of the number of observations 

for the ref lect ion altitudes <300 km and >300 km 
(1961-1964). 
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200 GO 300 ,750 400 h. K U  

Figure 3. Dependence of dri f t  velocity on 
alt i tude for day (1) and night (2)  observations. 

'Figure 4. Altitudinal distribution of the e l ec tr i c  
f i e l d  i n  the ionosphere . 
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200 250 300 ,350 400 h,itM 

Figure 5 .  Dependence of f/2mIIaltitude.on 
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W e  thus have 

The c o e f f i c i e n t  A may b e  determined from the condi t ion  t h a t  t h e  i n i t i a l  

f i e l d  equals  E0 

= IlC-X"),,, . 
Since A = Eo, we  have 

L e t  us  now t u r n  t o  t h e  case wi th  continuously d i s t r i b u t e d  leakage. Since 

t h e  c u r r e n t  f lows along t h e  e n t i r e  th ickness  2, = dx;GliL, where 011 is t h e  

conduct ivi ty  along t h e  magnetic f o r c e  l i n e .  The leakage r e s i s t a n c e  r = L/qjJJx, 

where '1 is  t h e  conduct iv i ty  perpendicular  t o  t h e  magnetic f o r c e  l i n e s ,  and /130 
11 = &. S u b s t i t u t i n g  t h e s e  va lues  i n  Equation ( l ) ,  we o b t a i n  

I f  t h e  value of aL/ou changes with a l t i t u d e ,  w e  may assume 

xoE = Eoe 

o r  

The values  of 011\and ai w e r e  taken from d a t a  i n  [ 6 ] .  

Figure 5 shows t h e  dependence of 1 /26dh i ,  on a l t i t u d e .  Figure 6 g ives  

graphs showing t h e  dependence of vo/v on a l t i t u d e  f o r  var ious  va lues  of 2. 
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The crosses  p l o t  curves obtained from 

experimental  d a t a  f o r  years  of m i n i "  

(1) and max imum (2 )  s o l a r  a c t i v i t y .  It 

may be seen from graphs t h a t  t h e  experi

mental  curves coincide q u i t e  w e l l  wi th  

the t h e o r e t i c a l  ones. The electric f i e l d  

i s  produced by inhomogeneities which are 

several cent imeters  i n  s i z e .  When the 

s o l a r  a c t i v i t y  increases ,  the inhomo

g e n e i t i e s  increase  i n  s i z e ,  s i n c e  

250 300 3iO 400h. KN during years  of a m a x i "  t h e  electric 

Figure 6 .  Dependence I n  vo/v f i e l d  decreases  more slowly w i t h  a l t i t u d e  
height  f o r  d i f f e r e n t  va lues  1. than i t  does during t h e  y e a r s  of a 
Sol id  l i n e ,  ca lcu la ted  curve. 
Crosses , experimental  da ta .  minimum. The e lectr ic  f i e l d  ca lcu la ted  

from experimental  d a t a  was found t o  b e  

0.8.10-4 V/cm, which c l o s e l y  coincides  with r e s u l t s  obtained by S. J.  Akasofu 

and S. Chapman [7]. This va lue  i s  t h e  same during years  of m a x i "  and 

minimum s o l a r  a c t i v i t y .  The f a c t  t h a t  the d r i f t  v e l o c i t y  i n  t h e  E l a y e r d o e s  not  

change with an increase  of t h e  K-index of magnetic a c t i v i t y ,  while i t  i n c r e a s e s  

i n  t h e  F2 l a y e r  [ 8 ] ,  may b e  explained by t h e  fact  t h a t  t h e  dimensions of t h e  

inhomogeneities are g r e a t e r  and t h e  v e l o c i t y  change with a l t i t u d e  i s  less 

during g r e a t  a c t i v i t y  . 

CONCLUSIONS 

The d r i f t  v e l o c i t y  i n  t h e  F2 l a y e r  decreases  with i n c r e a s e  i n  a l t i t u d e .  

Consequently, t h e  e lectr ic  f i e l d  decreases  i n  an upward d i r e c t i o n ,  i .e.,  

i t  apparent ly  rises i n  t h e  dynamo region. The inhomogeneities producing 

it  are several ki lometers  i n  s i z e .  The  inhomogeneities i n c r e a s e  i n  s i z e  when 

the magnetic a c t i v i t y  increases .  

I n  conclusion, I would l i k e  t o  thank M. I. Pudovkin f o r  va luable  advice 

i n  t h i s  work. 
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PROBLEMS OF AURORAL ABSORPTION 

0. I. Shumilov 

ABSTRACT. The paper analyses  about 100 bays of a u r o r a l  
absorpt ion according t o  t h e  m a t e r i a l s  of rheometric absorpt ion 
from December 1963 till  December 1964, obtained a t  t h e  s t a t i o n  
Loparskaya ( 4  = 68"37', X = 35'17'). The paper a l s o  shows 
t h a t  t h e  subtypes of a u r o r a l  absorpt ion recognized e a r l i e r  
by d i f f e r e n t  au thors  a r e  connected with each o ther .  The 
d i u r n a l  p a t t e r n  of t h e  rate of changes of t h e  i o n i z a t i o n  
agent i n t e n s i t y  i s  probably respons ib le  f o r  t h e  d i u r n a l  
changes of t h e  form i n  s e p a r a t e  cases of a u r o r a l  absorpt ion.  

Studies  with t h e  h e l p  of n o i s e  absorpt ion rheometers of cosmic r a d i o  1132 

sources i n  t h e  lower ionosphere w e r e  i n i t i a t e d  i n  1956 [l]. The e f f o r t s  of 

many researchers  have made it  poss ib le  a t  t h e  present  t i m e  t o  d i s t i n g u i s h  

between four  types of anomalous r a d i o  wave absorpt ion i n  t h e  ionosphere [ 2 ,  31. 
One of these  i s  a u r o r a l  absorpt ion,  which has been given t h i s  name due t o  i t s  

r e l a t i o n s h i p s  with t h e  v i s i b l e  aurora  p o l a r i s .  This absorpt ion i s  observed 

a t  l a t i t u d e s  c l o s e  t o  t h e  zone of aurora  p o l a r i s .  Its maximum is  loca ted  

somewhat t o  t h e  south [4] .  Auroral absorpt ion i s  very i r r e g u l a r ,  and i t s  

indiv idua l  peaks are separa ted  by s e v e r a l  minutes, al though i t  may cont inue 

f o r  s e v e r a l  hours.  It changes g r e a t l y  from month t o  month along t h e  zone of t h e  

aurora  p o l a r i s  and is  r e l a t e d  t o  l o c a l  magnetic dis turbances.  The term 

"auroral  absorpt ion 'I is used when anomolous absorpt ion i s  s t u d i e d  a t  

l a t i t u d e s  of t h e  aurora  p o l a r i s  zone during t h e  daytime, i . e . ,  when 

v i s u a l  observat ions of aurora  p o l a r i s  are impossible i n  genera l  [5].  

Many works have been published r e c e n t l y  which have attempted t o  d i s t i n g u i s h  

between t h e  i n d i v i d u a l  subtypes of a u r o r a l  absorpt ion.  These s t u d i e s  may be 

divided i n t o  two groups depending on which c r i t e r i o n  they use as  a b a s i s  f o r  

c l a s s i f y i n g  cases of absorpt ion.  The f i r s t  c l a s s i f i c a t i o n  group uses  t h e  
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d i f f e r e n t  connection between a u r o r a l  absorpt ion and t h e  accompanying geophysical 

phenomena "auroral  p o l a r i s ,  l o c a l  magnetic dis turbances"  [6 - 81. The second 

group d i s t i n g u i s h e s  between t h e  subtypes of absorp t ion  on t h e  b a s i s  of e x t e r n a l  

i n d i c e s :  smooth o r  sharp increase ,  l a r g e  o r  small  extension,  monotonic 

o r  pu ls ing  n a t u r e  [5, 9-11]. For example, t h r e e  types  of a u r o r a l  absorpt ion 

F, S,  P,  w e r e  d i s t inguished  i n  [9] .  Type F are absorp t ion  b u r s t s  reaching a 

maximum i n  several minutes. They are pr imar i ly  observed a t  n i g h t ,  and a r e  

r e l a t e d  t o  aurora  f l a r e s  having a r a d i a l  form. Type S r e p r e s e n t s  t h e  case when 

t h e  absorp t ion  i n c r e a s e s  i n  approximately 30 minutes. They a r e  observed 

p r i m a r i l y  i n  t h e  morning hours and are much longer  than absorpt ion of type F. 

R. R. Brown [ll]h a s  c a l l e d  t h e  same phenomenon slow absorp t ion  events.  Type S 
i s  e s p e c i a l l y  i n t e r e s t i n g ,  s i n c e  t h e r e  i s  a maximum i n  t h e  d i u r n a l  absorpt ion 

p a t t e r n  i n  t h e  morning hours,  as Bassler has  shown [4] .  

Type P i s  puls ing  absorpt ion,  which i s  u s u a l l y  superimposed on S-absorp

t i o n .  Brown [11] a l s o  s t u d i e d  it .  Figure 1 p r e s e n t s  examples of absorpt ion of 

type F and S observed on February 13, 1964. The l o c a l  t i m e  (30" E )  is 

p l o t t e d  along t h e  a b s c i s s a ;  t h e  absorpt ion i n  d e c i b e l s  i s  p l o t t e d  along t h e  

o r d i n a t e  a x i s .  A s  Ansari has  shown [5] ,  S-absorption, observed i n  t h e  l a t e  1133-
morning hours (near  n o o d i s  much longer  than t h e  usua l  S-events, [ 9 ,  113. 

It may thus  be charac te r ized  as a s p e c i a l  type,  s i n c e  i t  has s e v e r a l  d i s t inguish

i n g  f e a t u r e s  (Figure 1; absorpt ion,  May 1, 1964.). 

A t  f i r s t  glance,  i t  makes a g r e a t  d e a l  of sense i n  p h y s i c a l  t e r m s  t o  

d i s t i n g u i s h  between i n d i v i d u a l  subtypes of a u r o r a l  absorpt ion,  making use of 

t h e i r  d i f f e r i n g  r e l a t i o n s h i p  with v i s i b l e  a u r o r a l  p o l a r i s  and l o c a l  magnetic 

d i s turbances  , s i n c e  t h e  " c r i t e r i o n  of form'' i s  somewhat formal. However, 

t h i s  i s  n o t  a b s o l u t e l y  c o r r e c t .  I n  a l l  s t u d i e s  p e r t a i n i n g  t o  t h e  second group, 

af ter  t h e  subtype w a s  i d e n t i f i e d  with t h e  formal c h a r a c t e r i z a t i o n ,  i t s  r e l a t i o n 

s h i p  w i t h  t h e  v i s i b l e  aurora  p o l a r i s  and l o c a l  magnetic d i s turbances  w a s  steady. 

It w a s  found t h a t  no matter which b a s i s  of c l a s s i f i c a t i o n  w a s  used, s e v e r a l  

subtypes developed by d i f f e r e n t  au thors  a rose ;  namely phase SA1 (sudden absorp

t i o n  i n c r e a s e )  [6] corresponds t o  type F [9]; and phase S V I A  (slowly varying 

i n t e n s e  absorpt ion)  [6] corresponds t o  type S [9]. C l a s s i f i c a t i o n  by form 

194 



A* 
4
'[ 13 February 1964 

I 

4 	dB 23 24 

4 1  7 December 1963 

24 I 2 

1 3  February 1964 

13 February 1964 

A, dB 9 10 I1 I2 -

has s e v e r a l  advantages over 


c l a s s i f i c a t i o n  employing the,  


d i f f e r i n g  r e l a t i o n s h i p s  


between a u r o r a l  absorpt ion 


and t h e  v i s i b l e  aurora  p o l a r i s  /134 

and l o c a l  magnetic d i s t u r  


bances. This i s  due t o  t h e  


f a c t  t h a t  such f a c t o r s  


as a zero poin t  i n  t h e  d i u r n a l  


p a t t e r n  of magnetic d i s t u r  


bances (20.8 - 10h LMT) [8, 


121 and t h e  i m p o s s i b i l i t y  


of v i s u a l  observat ions 


of t h e  aurora  p o l a r i s  during 


t h e  daytime have no in f luence  


t h i s  c l a s s i f i upon type of 
13 

c a t i o n .  

Each of t h e  types F,  S ,  

6 7 8 IO I 1  '2 LNT of t h e  S-diurnal t y p e  i s  most 

c l e a r l y  observed a t  a s p e c i f i c  
Figure 1. Examples of a u r o r a l  absorpt ion.  

l o c a l  t i m e ,  and i s  charac te r -T ime  LMT (3O0E). 
i z e d  by s e v e r a l  f e a t u r e s  

which p e r t a i n  only t o  it. The r e l a t i o n s h i p  between each of t h e  subtypes o r  

a u r o r a l  absorp t ion  i s  not  clear: whether they are s p e c i a l  phenomena o r  whether 

they can b e  combined and explained by a c e r t a i n  phys ica l  process which i s  

respons ib le  f o r  changes i n  t h e  a u r o r a l  absorp t ion  during one day. The purpose 

of t h i s  s tudy is t o  answer t h i s  question. 

Analysis w a s  made of d a t a  derived from measuring absorpt ion of cosmic 

r a d i a l  emission obtained a t  Loparskaya a t  t h e  Polar  Geophysical I n s t i t u t e  base  

(cp.= 6s037'", h =; 35"17' E) from December 1963 t o  December 1964. The rheometer 

operated a t  frequency of 32 mHz. The antenna-a wave channel having f i v e  
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elements-was d i r e c t e d  toward t h e  pole  of t h e  sea. Elementary cases were 

s tudied  during t h e  a n a l y s i s  ( f o r  example, Figure 1). It w a s  found t h a t  t h e  

t i m e  p a t t e r n  of absorp t ion  preceding and a f t e r  t h e  max imum may be represented 

i n  t h e  form of  t h e  fol lowing expressions: 

where A is absorp t ion  a t  t h e  maximum f o r  a given elementary absorpt ionmax 
event ;  A t i s a b s o r p t i o n  a t  a given moment of t i m e  when absorpt ion increases  o r  

decreases;  t0 i s  t i m e  of absorpt ion maximum; -rd; c h a r a c t e r i s t i c .  t i m e  of 

decrease o r  i n c r e a s e  i n  absorpt ion.  It is  clear from Figure 1 t h a t  T~ does 

not  equal  Ti n '  

A l l  absorp t ion  events  which s a t i s f i e d  t h e  fol lowing condi t ions 

condi t ions w e r e  analyzed. 

1. Absorption a t  t h e  maximum must b e  no less than 2 decibe ls .  This va lue  

w a s  chosen f o r  t h e  fol lowing considerat ions:  Brown [ll] showed t h a t  t h e  

majori ty  of absorp t ions  of S have t h e  amplitude of 2 decibe ls .  It w a s  noted 

i n  [12] t h a t  t h e  maximum of type S absorpt ion i s  observed i n  t h e  zone of t h e  

aurora  p o l a r i s .  Therefore,  by s tudying -4 > 2 d e c i b l e s ,  w e  excluded with 

g r e a t  p r o b a b i l i t y  those absorpt ion events  which could have been recorded 

by t h e  s i d e  lobes  of t h e  rheometer d i r e c t i o n a l  p a t t e r n .  

The absorpt ion level preceding and a f t e r  t h e  event i n  considerat ion could 

not  b e  g r e a t e r  than 0.5 dec ibe ls .  The only except ion w a s  those A p r i l  events 

of extremely g r e a t  absorp t ion ,  when t h e  l e v e l  of t h e  "background" equals 1 

decibels .  

3. During t h e  day under considerat ion,  i f  t h e  given type of absorpt ion 

had two, t h r e e ,  o r  more maxima of approximately equal  magnitude with 

intermediate  m i n i m a  amounting t o  no less than h a l f  t h e  maxima, then Ti n  
w a s  s e l e c t e d  before  t h e  f i r s t  maximum, and T 

d 
after t h e  last max imum.  
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About 100 events  w e r e  s tud ied  i n  a l l .  The overwhelming majori ty  (85%) had 

a "correct"  form which s a t i s f i e d  expression (1) q u i t e  w e l l .  

Figure 2 shows t h e  d i u r n a l  p a t t e r n  of Td f o r  a l l t h e a b s o r p t i o n  events  

s tud ied .  The l o c a l  t i m e  (30'E) of t h e  maximum i s  p l o t t e d  along t h e  a b s c i s s a  

a x i s ,  while  t h e  T i n  va lues  are p l o t t e d  i n  minutes along t h e  o r d i n a t e  ax is .  

I n  s p i t e  of t h e  g r e a t  scatter of t h e  p o i n t s ,  it i s  apparent t h a t ,  a f t e r  l o c a l  

midnight, t h e r e  i s  a clear i n c r e a s e  i n  t h e  va lues  of Ti n  before  11h LMT. 
A t  11 - 15h LMT t h e  scatter of t h e  p o i n t s  is  s o  g r e a t  t h a t  no conclusion may 

be reached a t  t h i s  t i m e  regarding t h e  behavior of T . Therefore,  a l l  events  

i n  t h e  crosshatched t i m e  i n t e r v a l  w e r e  excluded from t h e  o v e r a l l  inves t iga t ion . / l35  

The d i u r n a l  p a t t e r n  of t h e  values  of t h e  T~ averaged over one hour is 

shown i n  Figure 3 .  It i s  i n t e r e s t i n g  t o  note  t h a t  t h e  s c a t t e r  of T~ i s  compar

a t i v e l y  small .  This means t h a t  i n  t h e  analyzed i n t e r v a l s  t h e r e  i s  a continu

ous increase  i n  t h e  va lues  of average of Td '  From 3 - 11 hours t h e r e  i s  a 

l i n e a r  i n c r e a s e  i n  t h e  va lues  of Td depending on t h e  d is tance  of t h e  

s t a t i o n s  from t h e  nor thern  meridian. 

T ~ ,min 

Figure 2.  Diurnal p a t t e r n  of 
-znn Ta f o r  a l l  t h e  s tud ied  absorp

t i o n  events .  LETT (30" E) t i m e .  

lGfl . 	 circles - absorpt ion observed i n  
t h e  summer and p a r t i a l l y  i n  months 
of t h e  equinox (Apri l ,  September);-ti%l d o t s  - i n  win ter  months. The 
crosshatched s e c t i o n  

8n 
t h e  t i m e  i n t e r v a l  encompassing-
t h e  events  n o t  inves t iga ted .  

-
- 0 - I : \ I-

-'IO 

- 9 
-

O P  
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0'1 ' 1 I " 'b 23 1 3 5 7 J~ 11
1HT 

Figure 3. Diurnal  p a t t e r n  
of  LMT (30"E) t i m e .  
Averaging i n t e r v a l  - I hour. LMT 

Figure 4 .  D i G m a l  p a t t e r n  of Td 
f o r  a l l  absorp t ion  events  s tud ied .  
LMT (30" E) t i m e .  Notat ion,  same as i n  
Figure 2. 

Since t h e  ma jo r i ty  of  au tho r s  upon c l a s s i f y i n g  t h e  subtypes of a u r o r a l  absorp

t i o n  analyzed t h e  absorp t ion  inc rease  ra te  up t o  t h e  maximum [9 - 111,  while  i n  

[5, 9 ,  111 t h i s  c h a r a c t e r i s t i c  determines t h e  type  of absorp t ion .  Figure 

4 gives  t h e  d i u r n a l  p a t t e r n  of  T i n  f o r  a l l  t h e  absorp t ion  events  considered. 

Jus t  as previous ly ,  the crosshatched region i s  excluded i n  t h e  inves t iga t ion .  

Figure 5 p resen t s  t h e  va lues  of Ti n  averaged over  one hour. It may be seen 

t h a t  from 0 t o  I l h  LMT Ti n  i nc reasesa lmos t  l i n e a r l y  as t h e  d i s t ance  of t h e  

s t a t i o n  from t h e  no r the rn  meridian increases .  

Thus, w e  may reach t h e  conclusion tliat, f o r  l o c a l  events  of a u r o r a l  absorp

t i o n ,  t h e r e  i s  a gradual  bu t  continuous inc rease  i n  T d and depending on t h e  

l o c a l  t i m e  (or  depending on t h e  d i s t ance  of  t h e  s t a t i o n  from t h e  nor thern  
h

meridian) i n  t h e  1 - 11 LMT i n t e r v a l .  

It i s  i n t e r e s t i n g  t o  no te  t h a t  a change i n  -cd and T i n  depending on l o c a l  /136 

t i m e  (Figures 3 and 5) c l o s e l y c o i n c i d e s w i t h  t h e  r e s u l t s  obtained by d i f f e r e n t  

au thors  ; namely type  F[6,  9 ,  l o ] ,  which i s  cha rac t e r i zed  by an  absorp t ion  
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i n c r e a s e  i n  s e v e r a l  minutes, i s  observed a t  
Tip  ,min 	

c l o s e  t o  l o c a l  midnight, while  type S ( i n c r e a s e  

i n  30 minutes) is observed approximately a t  

4 - 6h [6, 9 ,  111. F i n a l l y ,  t h e  absorpt ion 

type introduced by Ansari  [5] which has  

I.d, I I I I k 1 t I b 1 I 4 t 
a s t i l l  longer dura t ion ,  i s  observed i n  t h e

0.8 
22 	 2 6 io 14 e a r l y  morning (around noon) hours. However,

I MT... 
Figure 5. Diurnal p a t t e r n  as t h e s e  d a t a  have shown, a l l  types  of 

of 'in. LMT (30' E) t i m e .  absorpt ion (F, S, S-diurnal)  a r e  i n t e r r e l a t e d .  
Averaging i n t e r v a l  - 1hour. 

I f  w e  use t h e  c r i t e r i o n  of form f o r  classi

f i c a t i o n ,  i t  may b e  noted t h a t  type F 

absorpt ion which i s  observed a t  midnight gradually-and not  abrupt ly  -
changes i n t o  type S absorpt ion i n  t h e  e a r l y  morning hours.  Then around noon 

it  changes t o  type S-diurnal absorpt ion.  It may t h e r e f o r e  b e  assumed t h a t  a l l  

t h e s e  absorpt ion types are determined by a s i n g l e  phys ica l  process  whose 

d i u r n a l  p a t t e r n  i s  respons ib le  f o r  t h e  change i n  t h e  absorp t ion  form. Such 

processes may b e  t h e  d i u r n a l  p a t t e r n  of t h e  recombination c o e f f i c i e n t  and t h e  

d i u r n a l  p a t t e r n  of t h e  rate a t  which t h e  i n t e n s i t y  of t h e  i o n i z i n g  flow changes. 

Actual ly ,  i f  i t  i s  assumed t h a t  t h e  main flow of i n t r u d i n g  p a r t i c l e s  

i s  stopped o r  almost stopped a t  t h e  absorpt ion maximum, then t h e  absorpt ion 

decrease may be represented as  a recombination process following t h e  l a w  [13]: 

where N i s  t h e  e l e c t r o n  dens i ty ;  B i s  t h e  cons tan t  c o e f f i c i e n t  which depends on/137e 
atmospheric d e n s i t y  and n o t  on e l e c t r o n  concentrat ion.  Expression (2)  

holds  when t h e  concentrat ion of f r e e  e l e c t r o n s  decreases  due t o  t h e i r  adhesions 

t o  n e u t r a l  atoms, as a r e s u l t  of which many negat ive  ions  are formed. 

The d i u r n a l  p a t t e r n  of t h e  absorpt ion form could poss ib ly  b e  explained 

by i n v e s t i g a t i n g  t h e  separa t ion  of e l e c t r o n s  from negat ive  ions  as t h e  

ionospheric  i l lumina t ion  i n c r e a s e s  (based on t h e  p o s i t i o n  of t h e  c rosses  and 

circles i n  Figures  2 and 4 ; t h i s  i s  very d i f f i c u l t  t o  represent ) .  However, 
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by analyzing t h e  r a p i d l y  and smoothly changing events  of a u r o r a l  absorpt ion,  

w e  reach t h e  conclusion [14,151 t h a t  t h e  r e l a t i o n s h i p  N- holds f o r  

them ( i . e .  , t h e  concent ra t ion  of nega t ive  ions i s  s m a l l  as compared t o  

t h e  e l e c t r o n  concent ra t ion) .  Since w e  do n o t  know any o t h e r  recombination 

process which can expla in  t h e  observed change i n  t h e  l o c a l  absorp t ion  form 

as a funct ion of l o c a l  t i m e ,  w e  must then i n v e s t i g a t e  t h e  second p o s s i b i l i t y  

namely, t h a t  t h e  d i u r n a l  p a t t e r n  of t h e  r a t e  a t  which change occurs i n  t h e  inten

s i t y  of t h e  i n t r u d i n g  p a r t i c l e  (e lec t ron)  flow (which i s  respons ib le  f o r  t h e  auro

r a l  absorp t ion) .  This  explanat ion i s  even more p o s s i b l e  s i n c e  d i r e c t  measurements 

of t h e  rate a t  which t h e  e l e c t r o n  flow i n t e n s i t y  changes o n b a l l o o n s  [16] c l o s e l y  

coincide with t h e  r e s u l t s  obtained i n  t h i s  study. The va lues  of T
d 

ca lcu la ted  

with d a t a  from [16] T
d 

f o r  t h e  decrease i n  t h e  e l e c t r o n  flow i n t e n s i t y  l i e c l o s e l y  

along t h e  absorpt ion curve of Td shown i n  Figure 3 .  However, i t  must be noted 

t h a t  c l o s e  t o  l o c a l  midnight Td of l o c a l  events  of a u r o r a l  absorpt ion can be 

determined 3y t h e  rate of recombination,as w a s  done i n  [8].  This i s  due t o  t h e  

f a c t  t h a t  a t  t h i s  t i m e  t h e  rate a t  which t h e  e l e c t r o n  flow changes i s  g r e a t e r  

than t h e  recombination rate. However, as t h e  s t a t i o n  recedes from t h e  northern 

meridian,  t h e  reason f o r  t h e  change i n  form of i n d i v i d u a l  events  of 

a u r o r a l  absorpt ion may more and more be found i n  t h e  d i u r n a l  p a t t e r n  of t h e  r a t e  

a t  which t h e  i n t e n s i t y  of t h e  ion iz ing  agent ( e l e c t r o n s )  changes. 

CONCLUSIONS 


1. It is impossible t o  draw a d i s t i n c t i o n  between i n d i v i d u a l  subtypes 

of a u r o r a l  abso'rption introduced by s e v e r a l  au thors ,  i f  t h e  rate a t  which 

absorpt ion increases i n  each i n d i v i d u a l  case is  used as t h e  c l a s s i f i c a t i o n  
h

c r i t e r i o n .  It decreases  smoothly i n  t h e  1- 11 LMT i n t e r v a l ,  which l e a d s  

t o  a gradual  change i n  t h e  form of absorpt ion.  

2 .  The d i u r n a l  p a t t e r n  of t h e  r a t e  a t  which t h e  i n t e n s i t y  of t h e  ion iz ing  

agent(e1ectrons)  changes i s  apparent ly  respons ib le  f o r  t h e  d i u r n a l  p a t t e r n  of 

t h e  a u r o r a l  absorp t ion  form. 

The authors  are indebted t o  B. M. Yanovskiy and M. I. Pudovkin f o r  valuable  
advice and i n t e r e s t  i n  t h i s  work. 
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MAGNETIC ACTIVITY AT HIGH LATITUDES OF THE NORTHERN 
HEMISPHERE DURING THE MAXIMUM AND MINIMUM OF THE SOLAR CYCLE 

R. G .  Afonina and Y a .  I. Fel 'dshteyn 

ABSTRACT. The paper presents  t h e  r e s u l t s  of t h e  a n a l y s i s  
of t h e  space-time d i s t r i b u t i o n  of i n t e n s i t y  of geomagnetic d i s .  
turbances i n  t h e  I G Y  - IQSY per iods  with t h e  h e l p  of equivalent  
ranges of K-indices according t o  t h e  d a t a  from t h e  h i g h - l a t i t u d e  
observa tor ies  of t h e  northern hemisphere. This a n a l y s i s  i s  
premised by a summary of t h e  main r e g u l a r i t i e s  of magnetic 
a c t i v i t y  i n  high l a t i t u d e s ,  obtained with t h e  K-index appl i 
ca t ion .  

The r e s u l t s  obtained are a s  follows: 

1. A t  @' >70° t h e  magnetic a c t i v i t y  remains a t  h igh  
level a l s o  i n  the years  of t h e  minimum of t h e  s o l a r  a c t i v i t y  
cycle .  

2. The region of t h e  m a x i m u m  va lues  rK i n  the coordi
n a t e  system "corrected geomagnetic l a t i t u d e  -- geomagnetic 
t i m e "  i s  o f  an ova l  form, loca ted  i n  h igher  l a t i t u d e s  by 
day and i n  lower ones a t  n i g h t .  

3, With t h e  i n c r e a s e  of K t h e  region of t h e  maximum 
dis turbance  i s  removed t o  t h e  l g w e r  l a t i t u d e s ,  bu t  i n  a l l  
cases  i t  preserves  an ova l  form. 

The displacement of t h e  oval  of t h e  maximum magnetic 
d i s turbance  agrees  w e l l  with t h e  dynamics of t h e  a u r o r a l  
b e l t .  

A number of extens ive  investigationsaredevoted t o  t h e  s tudy of t h e  space- /139 
t i m e  d i s t r i b u t i o n  of magnetic a c t i v i t y  a t  high l a t i t u d e s .  The magnetic 

a c t i v i t y  is measured by d i v e r s e  i n d i c e s ;  hence, t h e i r  u t i l i z a t i o n  n a t u r a l l y  

r e s u l t s  i n  r a t h e r  d i s t i n c t  deductions relative t o  t h e  r e g u l a r i t i e s  of i ts  

d i s t r i b u t i o n .  The i n d i c e s  u t i l i z e d  i n  t h e  l i t e r a t u r e  can b e  separa ted  i n t o  
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two fundamental groups which d i f f e r ,  i n  t i m e  r e s o l u t i o n ,  three- o r  one-hour. 

The index K is  defined by t h e  m a x i m u m  amplitude of t h e  o s c i l l a t i o n s  of 

t h r e e  geomagnetic f i e l d  components i n  a three-hour interval ad jus ted  f o r  a 

q u i e t  day and expressed i n  poin ts .  It was introduced i n t o  magnetic observa

t o r y  p r a c t i c e  i n  1939 [13 f o r  t h e  t o t a l  c h a r a c t e r i s t i c s  of t h e  magnetic f i e l d  

v a r i a t i o n .  It i s  o f t e n  u t i l i z e d  i n  analyzing d is turbances  because of t h e  

s i m p l i c i t y  of t h e  d e f i n i t i o n  and t h e  a c c e s s i b i l i t y  of d a t a  from a p lane tary  
network of magnetic observa tor ies .  

The most ex tens ive  i n v e s t i g a t i o n s  of t h e  magnetic dis turbances i n  terms of 

t h e  index K are i n  [ 2  - 81. Indexes with a one-hour time r e s o l u t i o n  

(rH, Q) have been u t i l i z e d  i n  i n v e s t i g a t i o n s  [ 9  - 131. Applicat ion of 
hourly i n d i c e s  t o  s tudy t h e  d i u r n a l  v a r i a t i o n  i n  magnetic a c t i v i t y  is an 

ind isputab le  advantage [12 ,141, and t h e  f a c t  t h a t  three-hour i n d i c e s  have 

been used i n  a number of researches up t o  now can b e  explained only by t h e  

f a c t  t h a t  very few s t a t i o n s  [ l S ]  publ i sh  t h e  rH and Q c h a r a c t e r i s t i c s .  D i s 

s a t i s f a c t i o n  with t h e  d e s c r i p t i o n  of d i u r n a l  changes i n  a c t i v i t y  by t h e  three-

hour c h a r a c t e r i s t i c s  r e s u l t e d  i n  Canadian researchers’  r e j e c t i n g  completely t h e  

recording of t h e  K i n d i c e s  a t  t h e  h igh- la t i tude  Resolute Bay, Baker Lake 

and Churchi l l  observa tor ies ,  and going over t o  hourly amplitudes d k s p i t e  

i n t e r n a t i o n a l  recommendations. 

I n  connection wi th  some discrepancies  i n  t h e  morphology of t h e  magnetic 

a c t i v i t y  a t  high l a t i t u d e s  during t h e  IGY- d iscrepancies  which has  been obtained 

on t h e  b a s i s  of hourly indexes [12,  131 and t h r e e  hour indexes [ 7 ,  8 1 4 t  would be 

i n t e r e s t i n g  t o  c l a r i f y  whether o r  n o t  such a discrepancy r e s u l t s  from t h e  rough

ness  of t h e  methodology f o r  determining t h e  l a t i t u d e  and t i m e  d i s t r i b u t i o n s  of 

t h e  magnetic a c t i v i t y  when u t i l i z i n g  t h e  three-hour c h a r a c t e r i s t i c s .  W e  p r e f e r  

a b r i e f  survey of t h e  r e s u l t s  of studying t h e  r e g u l a r i t i e s  of magnetic a c t i v i t y  

a t  high l a t i t u d e s ,  obtained by using t h e  index K,  t o  such an a n a l y s i s .  A 

survey of analogous r e s u l t s  according t o  t h e  hour ly  index rHy i s  presented i n  

[12, 131. 
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/ 140L a t i t u d i n a l  changes i n  t h e  amplitude and phase of the first and second -
harmonics w e r e  analyzed i n  [2] a f t e r  t h e  d i u r n a l  changes i n  K had been expanded 

i n t o  t h e  harmonic series S a = C C  n cos ( n t  - an). It turned out  that the f i r s t  

phase of t h e  harmonic v a r i e d  between 0" a.t @% 65" t o  150" a t  am., 80°. The 

phenomenon hence proceeds i n  a s u f f i c i e n t l y  i n d i v i d u a l  fashion,  and w i l l  Sometimes 

d i f f e r  i n  c lose- lying observa tor ies .  Bepresenting S as  t h e  sum of two tenus 
a 

dependent on u n i v e r s a l  and l o c a l  t i m e ,  r e s p e c t i v e l y  

sa=-- s ( 1 )  + S(7'), 

t h e  author  [2] found t h a t  t h e r e  is no component dependent on universal t i m e  
i n  S ( a t  l e a s t  i n  t h e  middle l a t i t u d e s ) .a 

The magnetic a c t i v i t y  i n  observa tor ies  l o c a t e d  a t  i d e n t i c a l  geomagnetic 

l a t i t u d e s ,  bu t  at d i f f e r e n t  l o n g t i t u d e s , i s  sornetimes q u i t e  s u b s t a n t i a l l y  d i f f e r e n t .  

Hence, i t  w a s  assumed t h a t  t h e  " longi tudina l  terms" of Sa can b e  assoc ia ted  

with s i n g u l a r i t i e s  i n  t h e  ionosphere,  which i s  inhomogeneous along a geomagnetic 

p a r a l l e l ,  and with t h e  inhomogeneous conduct iv i ty  of t h e  Earth,  which 

causes a dependence of t h e  cur ren t  induced i n  t h e  Earth on t h e  longitude. 

The " longi tudina l  terms" i n  S can be represented by series i n  u n i v e r s a l  t i m e ,a 
but  t h i s  representa t ion  w i l l  be  formal i n  n a t u r e ,  without any s p e c i f i c  phys ica l  

meaning. The form of Sa a t  high l a t i t u d e s  i s  checked b e t t e r  by t h e  d i s t a n c e  of 
t h e  observatory from t h e  aurora  b o r e a l i s  zone ( t h e  cor rec ted  geomagnetic l a t i t u d e  

@I)than by t h e  geomagnetic l a t i t u d e .  Seasonal changes i n  S occur asaa r e s u l t  a 
of seasonal  o s c i l l a t i o n s  i n  t h e  p a r t  S ( t )  r a t h e r  than because of t h e  annual 

change i n  t h e  s lope  of t h e  geomagnetic d ipole  axis t o  t h e  plane of t h e  

e c l i p t i c  ( u n i v e r s a l  t i m e  e f f e c t ) .  

Fundamental i n v e s t i g a t i o n s  of t h e  magnetic a c t i v i t y  at  high l a t i t u d e s  have 

been performed i n  [3]. The change from t h e  index K i n  p o i n t s  t o  equiva len t  

amplitudes by means of t h e  r e l a t i o n  
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(where rK i s  the mean three-hourly equivalent  amplitude of y; riK is t h e  three-

hour amplitude f o r  t h e  index K of po in t  i; N .  i s  t h e  number of K-indices 
1 


of p o i n t s  i )  gave a comparison between va lues  of t h e  magnetic dis turbance 

f o r  var ious  observa tor ies  which u t i l i z e d  d i f f e r e n t  scales t o  record t h e  index 

K. 

It has  been shown t h a t  t h e  ca lcu la ted  equiva len t  amplitudes do not  

d i f f e r  by more than 5% from t h e  three-hour amplitudes measured d i r e c t l y  on 

magnetograms. Processing t h e  magnetograms of a number of s t a t i o n s  by using 

scales f o r  which t h e  lower boundary of t h e  index K i s  1000, 1500 and 2000 y 

showed t h a t  t h e  magnitude of t h e  equivalent  amplitudes i s  independent of 

t h e  scale choice. 

Therefore,  a methodological b a s i s  f o r  measuring t h e  magnetic dis turbance 

i n  a three-hour per iod i n  absolu te  u n i t s  by going from t h e  i n d i c e s  K i n  

p o i n t s  ( t a b l e s  are publ ished r e g u l a r l y  by t h e  I n t e r n a t i o n a l  Index Service)  

t o  equivalent  amplitudes rK has  been developed i n  [ 3 ] .  The magnetic dis turbance 

of 49 magnetic observa tor ies  a t  high l a t i t u d e s  of t h e  nor thern  and southern 

hemispheres ' w a s  analyzed by means of rK' pr imar i ly  i n  IPY ( I n t e r n a t i o n a l  

Polar  Year) I and 11. Two kinds of magnetic a c t i v i t y  w e r e  inves t iga ted  i n  

d e t a i l ,  t h e  noc turna l  and t h e  d i u r n a l ,  which a r e  charac te r ized  by d i f f e r e n t  

seasonal  changes srliich achieve t h e  g r e a t e s t  i n t e n s i t y  a t  dec l ina t ion  of 1 Q 77" 

a t  n i g h t  and I 85" during t h e  day. 

The time a t  which t h e  a c t i v i t y  maximum appears changes with l a t i t u d e .  It 

t u r n s  out  t h a t  t h e  l a t i t u d i n a l  d i s t r i b u t i o n  of t h e  average d a i l y  values  of  t h e  

a c t i v i t y ,  t h e  t i m e  of appearance of t h e  m-axima, t h e  s e p a r a t i o n  of t h e  s t a t L o n s i n t o  

those having only daytime and those having only night t ime a c t i v i t y  i s  ordered /141 
e s s e n t i a l l y  i f  t h e  i n c l i n a t i o n  a t  a 5000 km a l t i t u d e  i s  u t i l i z e d  i n  place of 

t h e  geomagnetic l a t i t u d e  o r  t h e  i n c l i n a t i o n  a t  t h e  Ear th ' s  sur face .  Presented 

i n  Figure 1 from [ 3 ]  are changes i n  t h e  average d a i l y  va lues  of t h e  equivalent  

ampl i tudesas  a func t ion  of t h e  i n c l i n a t i o n .  The g r e a t  d i f f e r e n c e  i n  average 

d a i l y  va lues  a t  observa tor ies  with approximately i d e n t i c a l  i n c l i n a t i o n ,  but  

l o c a t e d a t  d i f f e r e n t  longi tudes ,  i s  not iceable .  The scatter of t h e  p o i n t s  



i n d i c a t e s  a considerable  l o n g i t u d i n a l  e f f e c t  i n  t h e  average d a i l y  va lues  of FK. 
The d a t a  from s t a t i o n s  with t h e  same kind of a c t i v i t y  loca ted  a t  equal  I, but  a t  

d i f f e r e n t  longi tudes w e r e  averaged t o  e l imina te  t h e  l o n g i t u d i n a l  d i f fe rence .  

This permit ted obtaining t h e  l a t i t u d e  h i s t o r y  of rK f o r  which t h e  dis turbance 

varies smoothly with i n c l i n a t i o n .  

L a t i t u d i n a l  changes of rKare presented i n  [3] f o r  ind iv idua l  seasons only 

f o r  values  averaged wi th  respec t  t o  t h e  longi tude (Figure 2,). The 

nocturnal  dis turbance achieves the  h ighes t  values  a t  t h e  equinox, and t h e  

d i u r n a l ,  i n  t h e  summer. A s  t h e  dis turbance level i n c r e a s e s ,  t h e  noc turna l  

dis turbance (I Q 77") i s  magnified sharply.  It i s  much s t r o n g e r  than t h e  

d i u r n a l  d i s turbance  (Figure 3) .  

Changes i n  t h e  magnetic a c t i v i t y  (S ) w e r e  i n v e s t i g a t e d  i n  [ 4 ] ,  accordinga 
t o  d a t a  from a p lane tary  network of magnetic observa tor ies .  However, i n  

c o n t r a s t  t o  [ 3 ] ,  where t h e  change from t h e  ind ices  K t o  t h e  equivalent  

amplitudes had been accomplished, l a t i t u d i n a l  changes i n  t h e  phase and ampli

tude of S i n  f r a c t i o n s  of t h e  index K a r e  considered i n  [4] .  Since t h i s  a 
makes t h e  p o s s i b i l i t y  of comparing t h e  amplitudes of v a r i a t i o n s  i n  s t a t i o n s  a t  

d i f f e r e n t  l a t i t u d e s  d i f f i c u l t ,  w e  s h a l l  no t  consider  t h e  r e s u l t s  obtained i n  

[ 4 ]  i n  d e t a i l ,  p a r t i c u l a r l y  s i n c e  IGY d a t a  w e r e  again analyzed by t h e  same 

authors  i n  [7 ,8]  with more m a t e r i a l  (with t h e  change t o  equivalent  amplitudes).  

The l a t i t u d i n a l  dependence of t h e  geomagnetic d i s turbance  according t o  t h e  

three-hour index along t h e  midday and midnight meridians during t h e  IGY and 

IPY has been obtained i n  [ 5 ] .  It w a s  ca lcu la ted  f o r  d e f i n i t e  cyc les  of in

c l i n a t i o n  of t h e  geomagnetic d ipole  a x i s  with respec t  t o  t h e  p lane  of t h e  

e c l i p t i c .  Therefore,  a change i n  S due t o  t h e  d i u r n a l  and seasonal  change of a 
t h i s  angle  ( inf luence  of un iversa l  time) was excluded. The change i n  rKwith 

l a t i t u d e  has  been obtained f o r  a d e f i n i t e  o r i e n t a t i o n  of t h e  geomagnetic 

d ipole  by superpos i t ion  of t h e  d a t a  of many observa tor ies  dispersed a t  

d i f f e r e n t  longi tudes,  with d i f f e r e n t  un iversa l  t i m e  per iods ,  and f o r  d i f f e r e n t  

months, bu t  a l l  s a t i s f y i n g  one demand - a d e f i n i t e  o r i e n t a t i o n  of t h e  d i p o l e  

axis relative t o  t h e  p lane  of t h e  e c l i p t i c .  Assuming t h a t  t h e  p o l a r i t y  of t h e  

1142 
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Figure 1. Change i n  TK f o r  s t a t i o n s  i n  Figure 2. Seasonal changes i n  rK 
t h e  northern hemisphere during t h e  

1.- summer ; 2-equinox; 3-winter 

Second IPY. 
Magnetic d e c l i n a t i o n  i s  reduced t o  a 
5000km a l t i t u d e .  Tr iangles  show average 
d a t a  from a group of observa tor ies  through 
which a smooth curve has  been drawn. Squares 
denote t h e  Barrow and Yakutsk observa tor ies ,  
not  p a r t  of t h e  average. 

geomagnetic f i e l d  does not  in f luence  t h e  d i s t r i b u t i o n  of t h e  geomagnetic 

dis turbance,  t h e  author  [ 5 ]  u t i l i z e d  d a t a  from both hemispheres. The s c a t t e r  

of t h e  p o i n t s  over t h e  l a t i t u d i n a l  s e c t i o n s  i s  s u f f i c i e n t l y  g r e a t  i s  due 

pr imar i ly  t o  l o n g i t u d i n a l  e f f e c t s .  Hence, smoothed curves w e r e  drawn through 

p o i n t s  y ie ld ing  a dis turbance of s t a t i o n s  wi th in  -+ 22.5" longi tudes from t h e  

geomagnetic meridian passing through t h e  geographic and geomagnetic poles .  It 

w i l l  l a te r  be shown [16] t h a t  t h e  spread diminishes s u b s t a n t i a l l y  i f  t h e  cor

rec ted  geomagnetic l a t i t u d e  (@')i s  u t i l i z e d  according t o  [17,18], i n s t e a d  of 

t h e  geomagnetic l a t i t u d e ;  however, i t  remains s u f f i c i e n t l y  s u b s t a n t i a l  a t  

70 - 80" l a t i t u d e s .  

The dependence of rK on @ '  f o r  d i f f e r e n t  geomagnetic d ipole  o r i e n t a t i o n s  

f o r  p lane tary  ind ices  of magnetic a c t i v i t y  K = 0,  2,  4 ,  6 i s  presented i n  
P 

Figure 4 from [16]. 
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Sun ' s i n c l i n a t i o n  
Noon M i d n i g h t  

-
Figure 3. Changes i n  rK per  year  

during i n t e r n a t i o n a l  d i s turbed  
Ad and q u i e t  A

9 
days. 

It follows from t h e  r e s u l t s  presented: 

1. The maximum dis turbance on 
t h e  n i g h t  s i d e  is loca ted  a t  i d e n t i c a l  

l a t i t u d e s  i n  both t h e  summer and 

winter  seasons (lower and upper p a r t  
Figure 4 .  Dependence of t h e  va lue  of 

of the  graph f o r  a 11.5 and 23" s l o p e  t h e  geomagnetic dis turbance on @ '  

angle,  respec t ive ly) .  On t h e  day s i d e ,  	 along t h e  midday-midnight meridian 
f o r  d i p o l e  a x i s  d e c l i n a t i o n s  of 

t h e  maximum dis turbance  i s  loca ted  a t  0 ,  11.5,  and 23" r e l a t i v e  t o  t h e  p lane  

higher  l a t i t u d e s  i n  summer than i n  winter .  of 	t h e  e c l i p t i c  f o r  Kp=0,2,4,6, 
during I G Y .  

2. For moderate K
P 

t h e  l a t i t u d e  of t h e  maximum dis turbance reg ion  i s  

g r e a t e r  i n  t h e  daytime than a t  n i g h t  i n  both sunrmel: and winter .  The s h i f t  of 

t h e  max imum d is turbance  region towards t h e  equator  as K
P 

increases  is  more 

s u b s t a n t i a l  around the midday meridian than along t h e  midnight meridian.  

Therefore,  t h e  m a x i "  d is turbance  region is n o t  a c i rc le  of. constant  l a t i t u d e .  

It is an ova l  i n  a p o l a r  pro jec t ion ,  even i f  t h e  cor rec ted  geomagnetic 

l a t i t u d e  i s  used as a coordinate.  
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It should b e  noted t h a t  t h e  passage from K-indices t o  rK i n  [5] w a s  done 

by a method r a t h e r  d i f f e r e n t  from t h a t  u t i l i z e d  i n  [3 ,  6-81. Graphs of t h e  

dependence of K on K
P 

a t  noon and midnight w e r e  f i r s t  constructed f o r  each 

month a t  each s t a t i o n  f o r  s e p a r a t e  three-hour i n t e r v a l s .  The value of K,which 

w a s  t r a n s f e r r e d  i n t o  t h e  equivalent  amplitude by means of t h e  known poin t  

scale of t h e  index K a t  a given observatory,  w a s  determined from these  graphs 

f o r  K = 0, 2 ,  4 ,  6 .
P 

An assumption of t h e  ex is tence  of a f u n c t i o n a l  r e l a t i o n s h i p ,  o r  a t  least a 

c o r r e l a t i o n ,  between K
P 

and t h e  l o c a l  index K a t  a s p e c i f i c  observatory /143 

u n d e r l i e s  such a method of determining t h e  equiva len t  three-hour amplitude. 

Such c o r r e l a t i o n  dependences have been obtained i n  [5] .  The index K
P 

i s  

determined from t h e  d a t a  of 1 2  observa tor ies  l o c a t e d  a t  s u b a r c t i c  l a t i t u d e s ;  

hence, i t  c h a r a c t e r i z e s  pr imar i ly  t h e  i n t e n s i t y  of n ight t ime magnetic 

dis turbances,  which a r e  most i n t e n s e  a t  @' % 65". I n  t h e  region near  t h e  pole ,  

geomagnetic d i s turbances  reaching t e n s  of gammas and n o t  connected with t h e  

night t ime d is turbances  [19 - 211 may appear i n  t h e  summer i n  t h e  daytime. 

Worsening of t h e  c o r r e l a t i o n  between K
P 

and K i n  observa tor ies  near  t h e  pole ,  

which can r e s u l t  i n  a d i f f e r e n c e  i n  t h e  values  of rK determined by d i f f e r e n t  

methods, is explained by t h e  appearance of t h e  d i u r n a l  dis turbances.  

The d i u r n a l  magnetic a c t i v i t y  i n  rK a t  t h e  p o l a r  caps i s  analyzed i n  d e t a i l  

i n  [6] .  It has  been shown t h a t  t h e  t i m e  of maximum magnetic a c t i v i t y ,  

es t imated  by t h e  equiva len t  amplitude rK observed i n  t h e  region near  t h e  pole  

( a  p o l a r  d i s t a n c e  14") a t  about noon, experiences  a systematic  devia t ion  /144 

from l o c a l  noon. The magnitude and d i r e c t i o n  of t h e  s h i f t  depend on t h e  

longi tude ,  and they change s i g n  upon passage through t h e  l o c a l  noon hour 

a t  t h e  southern "pole of invariance".  (1) 

(1) The pole  of invar iance  i s  understood t o  be t h e  p o s i t i o n  of a 
p o i n t  o n t h e  E a r t h ' s  s u r f a c e  t o  which a l i n e  of f o r c e  a r r i v e s  from i n f i n i t y  when 
tak ing  account of t h e  real magnetic f i e l d  of t h e  Earth.  The geographic 
coord ina tes  of t h e  pole  of invar iance  are:  h = 125.08"E and 4 = -74.84" 
(southern hemisphere); h = -81.61 W and $ = 80.11" (northern hemisphere). 
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The devia t ions  obtained are presented i n  Figure 5 are der ived from [ 6 ] .  

Since t h e  magnitude of t h e  s h i f t  depends on t h e  longi tude,  i t  is  then poss ib le ,  

a t  f i r s t  glance,  t o  consider  t h e  a c t i v i t y  caused by t h e  a c t i o n  which depends on 
u n i v e r s a l  time, i .e. ,  on t h e  o r i e n t a t i o n  of t h e  geomagnetic d i p o l e  r e l a t i v e  t o  

t h e  plane of t h e  e c l i p t i c .  It has  been shown i n  [ 6 ]  t h a t  t h i s  s h i f t ,  j u s t  l i k e  

t h e  seasonal  v a r i a t i o n s  i n  d i u r n a l  a c t i v i t y ,  is n o t  due t o  t h e  d a i l y  and annual 

changes i n  o r i e n t a t i o n  of t h e  geomagnetic d ipole  relative t o  t h e  plane 

of t h e  e c l i p t i c .  The m a x i m u m  sets i n  a t  a time e q u i d i s t a n t  from t h e  l o c a l  and 

magnetic noon of t h e  observatory,  and it  is  due t o  t h e  s h i f t  of t h e  t i m e  of t h e  

maximum from t h e  magnetic t o  t h e  l o c a l  noon because of t h e  i n c r e a s e  i n  iono

sphere conduct ivi ty  a t  l o c a l  noon. Such an i n t e r p r e t a t i o n  of seasonal  changes 

i n  a c t i v i t y  agrees  with t h e  r e s u l t s  i n  [2], where i t  w a s  assumed t h a t  seasonal  

changes are due mainly t o  t h e  v a r i a t i o n s  i n  t h e  p a r t  of t h e  a c t i v i t y  component 

dependent on l o c a l  t i m e .  A longi tudina l  s h i f t  i n  t h e  m a x i m a  is due, e x a c t l y  as 

i n  [ 6 ] ,  t o  t h e  inf luence  of conduct ivi ty  of t h e  ionosphere o r  to l o c a l  e f f e c t s .  

An estimate of t h e  cont r ibu t ion  of t h e  var ious  components t o  t h e  r e s u l t a n t  

K-index showed t h a t  v a r i a t i o n s  i n  t h e  v e r t i c a l  component are q u i t e  

e s s e n t i a l  i n  deducing t h e  K-index i n  t h e  region near  t h e  pole. The Z-contri

but ion i s  magnified as t h e  source of v a r i a t i o n  recedes from the  observat ion 

point .  Hence, annual changes i n  t h e  r a t i o  of t h e  Z amplitude t o  t h e  amplitudes 

of t h e  x- and Y-components i n d i c a t e  recess ion  of t h e  source  of v a r i a t i o n  from t h e  

circumpolarregion i n  win ter  as compared with i n  summer. The e s s e n t i a l  con

t r i b u t i o n  of Z t o  rK must b e  taken i n t o  account i n  comparing r e s u l t s  of t h e  

s p a t i a l  a c t i v i t y  d i s t r i b u t i o n  according t o  t h e  i n d i c e s  K and rH o r  Q. 

The d i u r n a l  v a r i a t i o n  i n  a c t i v i t y  a t  t h e  L i t t l e  America, Amundsen-Scott, 

Gauss Land (14O < 0 < 17O) s t a t i o n s  i s  charac te r ized  by two m a x i m a  which 

appear a t  hours  which are symmetric t o  t h e  hour of appearance of t h e  s i n g l e  

maximum i n  t h e  0 < 14O region. A s  8 increases ,  t h e  d i s c o n t i n u i t y  between 

t h e  time of appearance of m a x i m a l  rKincreases .  The presence of one maximum 

i n  t h e  circumpolar reg ion  and its b i f u r c a t i o n  a t  lower l a t i t u d e s  are explained 

i n  [6] by t h e  p r e c i p i t a t i o n  of high-energy p a r t i c l e s  i n t o  t h e  ova l  zone 

enclosing t h e  p o l e  of invar iance  and loca ted  a t  h igher  l a t i t u d e s  i n  t h e  daytime 
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H-L I 
than a t  n ight .  

The d i u r n a l  behavior of t h e  mag

n e t i c  a c t i v i t y  and t h e  p o s i t i o n  of t h e  

zone of m a x i "  magnetic a c t i v i t y  i n  

magnetically-disturbed and magnetic

a l ly-quie t  days of 1957-1959, at  92 

observator ies ,were i n v e s t i g a t e d  i n  

[7,8].  The a n a l y s i s  w a s  by equiva len t  

amplitudes,  t o  which t h e  t r a n s i t i o n  

w a s  made from K i n d i c e s  j u s t  as i n  [3].  

Figure 5. Difference between t h e  It w a s  assumed. t h a t  S i s  of conplexahour of maximum magnetic a c t i v i t y  and s t r u c t u r e ,  and depends on both t h el o c a l  midday H-L as a func t ion  of t h e  
hour of l o c a l  midday f o r  e i g h t  . local  t and t h e  universa l  time T 
Antarctic s t a t i o n s  of t h e  c e n t e r  of 
t h e  p o l a r  cap. Vertical l i n e  is  t h e  sa = S'( t )  & sa(T)+S'''[7-) E
t i m e  of l o c a l  noon f o r  t h e  southern 
"pole of invariance".  Numbers-
longi tude of t h e  observatory.  

where S ' ( t )  i s  t h e  p a r t  of Sa depend

e n t  on l o c a l  t i m e ,  S"(T) is t h e  a s m e t r i c  p a r t  of Say  S " ' ( T )  i s  t h e  

symmetric p a r t  of Sa'  and S" ( t )  and S"'(T) are checked by universa l  time. 

The plus sign i n  t h e  secon5. member r e f e r s  t o  winter--and t h e  minus, t o  s u m m e r .  

Therefore,  i n  c o n t r a s t  t o  [ 2 ,  61, seasonal  changes i n  S are connected both with a 
tile annual S e t a v i o r  of t h e  s l o p e  of t h e  d i p o l e  a x i s  and with the  change i n  

cocdmctivity of t h e  ionosphere. 

The separa t ion  of S i n t o  p z r t s  dependent on l o c a l  and universa l  t i m e s  w a s  a 
done by t h e  method of harmonic a n a l y s i s ,  a s  i n  [ 2 ] .  Assuming t h a t  t h e  f i r s t  

harmonic predominates i n  t h e  d i u r n a l  behavior of most of t h e  s t a t i o n s ,  t h e  

authors  [ 7 ]  l i m i t e d  t h e m e l v e s  t o  t h e  a n a l y s i s  of only t h e  day waves. Repre

sent ing  S i n  a un iversa l  o r  l o c a l  t i m e  reference system, i t  i s  p o s s i b l e  t o  a 
w r i t e ,  according t o  [ 71, t h a t  
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Figure 6 .  Oependence of t h e  phase of maximum S a ( rK ) on t h e  

longi tude  A i n  a u n i v e r s a l  t i m e  ,Q and l o c a l  t i m e  (I: re ference  
system according t o  [7]. 1-northern hemisphere s t a t i o n s ;  
2 - southern hemisphere s t a t i o n s .  

where 

I f  t h e  c o n t r i b u t i o n  of u n i v e r s a l  t i m e  i n  S i s  comparable t o  t h e  cont r i a 
but ion  of loca.1 t i m e  (r" % r ' ) ,  then R and w w i l l  change r e g u l a r l y  with long

i tude .  I f  i t  i s  considerably less than l o c a l  t i m e  (r" < r'), then D w i l l  

vary with longi tude ,  and t h o  chenge i n  w a s  a funct ion of R i s  i n s i g n i f i c a n t .  

To c l a r i f y  t h e  relat ionshi .ps  of R ( A )  and ut i ) ,  i t  i s  necessary t o  u t i l i z e  

va lues  of R and w a t  s t a t i o n s  loca ted  a t  approximately i d e n t i c a l  geomagnetic 

1at i tude.s .  

Presented i n  Figure 6 from [7]  are dependences of SL and w of t h e  f i r s t  

h a m o n i c  of Sa f o r  high l a t i t u d e  s t a t i o n s  (@> 60") i n  t h e  summer season. The 

l i n e s  i l l u s t r a t e  t h e  Lependence of t h e  q u a n t i t i e s  i2 and w on longi tude.  

k c o r d i n g  t o  [7] t h e  r e s u l t s  presented i n  Figure 6 mean t h a t  two components i n  

S a r e  e s s e n t i a l  during t h e  I G Y  -- a component cont ro l led  by t h e  l o c a l  t i m e  of a 

day, and. a component dependent on universa l  t i m e .  They y i e l d  equiva len t  con

t r i b u t i o n s  t o  Sa' A q u a n t i t a t i v e  es t imate  r.ade i n  [7] a l s o  shows t h a t  t h e  r a t i o  

between amplitudes of components cont ro l led  by u n i v e r s a l  2nd 5y l o c a l  t i m e s  
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%la t  60" < CP <65", and va.ries somewhat with the season. However, d a t a  from 


observa tor ies  which w e r e  n o t  i n  a narrow l a t i t u d e  range but  in t h e  w-hole high 


l a t i t u d e  region CP > 60" w e r e  u t i l i z e d  i n  t h e  cons t ruc t ion  of Figure 6 .  Hence, 1146 


they are n o t  free of t h e  l a t i t u d e  effects descr ibed i n  [ 2 ,  3,  61 ,  including 


changes i n  w with l a t i t u d e .  The dependence of w on @ is imposed on t h e  


dependence of w on A,,  i f  i t  e x i s t s .  I n  o r d e r  t o  obtairi  i n  pure form the  C.epen


dences w(X) and Q ( A )  i t  i s  necessary t o  recoristruct Figure 6 so t h a t  t h e  l i n e s  


corinect tte phase angles  fi a d  w of s t a t i o n s  loca ted  a.t approximately 


i n d e n t i c a l  @, but  d i f f e r e n t  A .  Figure 7 i l l u s t r a t e s  t h e  dependence of t h e  


phase angles of t h e  f i r s t  harmonic on t h e  longi tude ,  which w e  constructed from 


d a t a  i n  [ 7 ] ,  f o r  t h e  summer and winter  seasons of high l a t i t u d e  s t a t i o n s  of 


t h e  northern hemisphere. For convenience i n  comparison with Figure 6 ,  values  


of Q and w f o r  a l l  s t a t i o n s  with @ > 60" a r e  superposed i n  Figure 7. The 


phase angles of Sa a t  observa tor ies  loca ted  i n  t h e  l a t i t u d e  range 6 0 ° <  @ < 65" 


are connected by l i n e s .  


I n  t h e  summer season R changes r e g u l a r l y  with longi tude.  A s  t h e  longi tude 

increases ,  t h e  a c t i v i t y  m a x i m u m  i n  a narrow l a t i t u d e  b e l t  i s  manifested a t  

earlier hours of u n i v e r s a l  time, i.e.,  t h e  n a t u r e  of t h e  change i n  R is  opposi te  

t h a t  p ic tured  i n  Figure 6. Upon going over t o  l o c a l  t i m e  i n  t h e  summer season, 

w does not  change w i t h  longi tude  i n  p r a c t i c e  ( t h e  observatory a t  Lake Dikson 

is n o t  included i n  t h i s  dependence), i .e. ,  t h e  a c t i v i t y  max imum i s  manifested 

at t h e  i d e n t i c a l  l o c a l  t i m e  a t  s t a t i o n s  of d i f f e r e n t  longi tudes.  I n  win ter  

t h e r e  i s  a tendency toward a v a r i a t i o n  of w with A, and t h e  amplitude of  t h e  

v a r i a t i o n  i n  t h e  phase angle  i s  ~ 1 1 0 "and A changes by ~ 2 4 0 " .  I n  changing t o  

t h e  cor rec ted  geomagnetic t ime, the amplitude w' diminishes t o  ~ 7 0 "and can be 

~ 5 0 " ,  i f  i t  is  taken i n t o  account t h a t ,  as  a r u l e ,  w a t  t h e  observatory i n  

College i s  ~ 2 0 0 "and n o t  218" as is assumed i n  171. Therefore,  w changes 

s u b s t a n t i a l l y  less than R with longi tude.  Hence, a more exact  a n a l y s i s  of t h e  

changes i n  t h e  phase angles  R and w with longi tude  d id  not  v e r i f y  t h e  depend

ences R ( A )  and @ ( A )  obtained i n  [ 7 ]  and showed t h a t  t h e  c o n t r i b u t i o n  of t h e  

component S(T) i s  s u b s t a n t i a l l y  less than t h e  c o n t r i b u t i o n  of S ( t )  a t  

60" < @ < 65" during t h e  IGY.  It follows from Table 2 i n  [7]  t h a t  i t  is  
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h a r d l y  poss ib le  t o  neglec t  t h e  second harmonic a t  high l a t i t u d e s .  For example, 
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Figure 7. Dependence of t h e  phase of t h e  max
imum S a ( rK) on t h e  longi tude  h according t o  
r e s u l t s  i n  [7]  i n  a universa l  L! and l o c a l  w t i m e  
re fe rence  system f o r  northern hemisphere s t a t i o n s  
a t  @ > 60". Lines connect phase angles of s t a t i o n s  
l o c a t e d  a t  60" < @ < 65". 

ou t  of t h e  15 high l a t i t u d e  s t a t i o n s  of t h e  nor thern  hemisphere wi th  CP > 60' 

i n  t h e  summer, s i x  s t a t i o n s  have a second harmonic cont r ibu t ion  commensurate 

with t h e  cont r ibu t ion  of t h e  f i r s t  harmonic i n  t h e  summer season. 

I n  order  t o  s e p a r a t e  the a c t i v i t y  v a r i a t i o n s  i n t o  t h e  p a r t s  S ( t )  and 

S(T) t h e  s t a t i o n s  having approximatelyequivalent  geomagnetic l a t i t u d e s  but  

d i f f e r e n t  longi tudes w e r e  combined i n t o  groups. The amplitudes and phases of 

corresponding components w e r e  found by expansion i n  t r igonometr ic  series. To 

s e p a r a t e  S(T) i n t o  t h e  p a r t s  S"(T) and S * " ( T ) ,  t h e  winter-summer d i f f e r e n c e s  

and t h e  winter-summer sums w e r e  analyzed. L a t i t u d e  changes i n  the amplitudes 

and phases of a l l  t h r e e  components of Sa w e r e  presented i n  [7]  as a func t ion  

of t h e  geomagnetic l a t i t u d e .  
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I .  

Figure 8. Dependence of t h e  amplitude r '  and phase J I  of t h e  S ' ( t )  
component on t h e  geomagnetic l a t i t u d e  @ according t o  [ 71. 

Given i n  Figure 8 are l a t i t u d e  changes of t h e  parameters of t h e  S ' ( t )  

component from [7] ,  which are charac te r ized  by t h e  following: 1)  The amplitude 

r' reaches i t s  g r e a t e s t  values  i n  two zones a t  Q = 63 - 67" and a t  Q 78"; 

2)  t h e  a c t i v i t y  i s  maximum near  noon a t  @ Q 0 and Q 78";  3) t h e  a c t i v i t y  

predominates a t  @ = 63 - 67" i n  near  midnight hours. 

It should be noted t h a t  Sa, c a l c u l a t e d  according t o  [ 7 ]  and observed 

a t  a number of high l a t i t u d e  observa tor ies ,  d i f f e r s  not iceably.  

By c a l c u l a t i n g  t h e  mean d i u r n a l  dis turbance at .  each observatory f o r  win ter  ,-
t h e  equinox, and summer, and taking t h e  l a t i t u d e  behavior of t h e  S ' ( t )  para

m e t e r s  as shown i n  Figure 8 ,  t h e  authors  [8]  obtained t h e  p o s i t i o n  of t h e  

' zone of l a t i t u d e  maxima a c t i v i t y  presented i n  Figure 9. 

There are two zones of e leva ted  a c t i v i t y  a t  high l a t i t u d e s  i n  t h e  summer. 1148 

Their  shape a t  any i n s t a n t  of un iversa l  t i m e  i s  almost c i r c u l a r .  The f i r s t  

corresponds t o  t h e  s tandard  F r i t z  zone (@ Q 6." - 65'), and t h e  second t o  
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a r ing  a t  the  l a t i t u d e s  75 - 78". I n  win ter  t h e r e  is one r i n g  zone a t  

@ 2, 63 - 65". The a c t i v i t y  maximum i n  t h e  f i r s t  zone i s  observed a t  a l l  hours 

of t h e  day independently of t h e  season. The presence of a magnetic dis turbance 

a t  @ = 63 - 65" i n  t h e  daytime i s  n o t  confirmed by t h e  r e s u l t s  of A. P. Niko1'

s k i y  [14] and M. S.  Bobrov [20].  The dis turbance i n  t h e  second zone, which 

i s  g r e a t e s t  i n  t h e  daytime,has a sharp m a x i m u m  i n  t h e  summer and is  i n s i g n i f 

i c a n t  i n  winter .  I n  summer t h e  zones are separated by a region of r e l a t i v e l y  

low a c t i v i t y .  The maximum a c t i v i t y  zones on magnetically-quiet  days are 

loca ted  a t  t h e  same l a t i t u d e s  as on d is turbed  days. 

The deductions obtained i n  [ 8 ]  re la t ive t o  t h e  p o s i t i o n  of t h e  maximum 

magnetic a c t i v i t y  zone c o n t r a d i c t  t h e  r e s u l t s  descr ibed above according t o  

d a t a  i n  [ 6 ,  161, a s  w e l l  a s  d a t a  based on hourly i n d i c e s  of magnetic a c t i v i t y  

[ l l ,  1 2 ,  131. According t o  these  l a t t e r ,  the  region of maximum magnetic 

a c t i v i t y  has t h e  shape of an oval  enclosing t h e  geomagnetic pole  and loca ted  

during t h e  daytime a t  higher  l a t i t u d e s  than a t  n i g h t .  On  going from day t o  

n i g h t  hours,  a smooth diminution i n  t h e  l a t i t u d e  of t h e  maximum a c t i v i t y  zone 

i s  observed. The ova l  i s  f i x e d  r e l a t i v e  t o  t h e  Sun, and i s  o r i e n t e d  s o  t h a t  i t  

is  located a t  @ 2, 75" i n  win ter  i n  t h e  daytime, and a t  Q 2, 67" a t  n i g h t .  

Moreover, t h e  maximum a c t i v i t y  region s h i f t s  somewhat towards t h e  equator  a s  

K increases .  The ex is tence  of such an ova l ,  observed a t  f i x e d  i n s t a n t s  of
P 

u n i v e r s a l  t i m e ,  follows from aurora b o r e a l i s  observat ions [22 - 241 and is  e x - ,  

plained by t h e  s t r u c t u r e  of t h e  i n t e r n a l  magnetosphere [25] .  

It is  completely probable t h a t  t h e  p o s i t i o n  of t h e  zone of maximum magnetic 

dis turbance i n  [8]  is a r e s u l t  of u t i l i z i n g  t h e  ordinary geomagnetic 

coordinate  system i n  p lace  of t h e  cor rec ted  geomagnetic system, and a con

sequence of t h e  methodology used which does not  take  account of - the second 

harmonics and l o n g i t u d i n a l  e f f e c t s  i n  t h e  mean d i u r n a l  values  of t h e  f i e l d ,  

which may be q u i t e  s u b s t a n t i a l  [26, 1 2 ,  31. It is  p o s s i b l e  t h a t  i n  a more 

exact a n a l y s i s  tak ing  account of a l l  t h e s e  f a c t o r s ,  t h e  d i f f e r e n c e  between t h e  

p o s i t i o n  of t h e  maximum magnetic a c t i v i t y  zone found by t h e  hourly i n d i c e s  i n  

[ll - 131 and i n  [8] would diminish s u b s t a n t i a l l y ,  and would r e f l e c t  only the 
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s p e c i f i c s  of t h e  i n d i c e s  themselves which w e r e  u t i l i z e d  ( tak ing  account of t h e  

more remote sources i n  t h e  K-index, and of c u r r e n t s  a t  t h e  z e n i t h  i n  t h e  rH and 

Q-indices) . 

According t o  [ 71 , t h e  spiral-shaped p a r t  of t h e  ova l  can b e  obtained accor

ding t o  t h e  d a t a  i n  Figure 8 i f  l a t i t u d e  changes of t h e  phase of t h e  S ' ( t )  
component are p i c t u r e d  i n  a p o l a r  pro jec t ion .  Such a s p i r a l  from [ 7 ]  i s  p i c t u r e d  

i n  Figure 10. However (see Figure S), f o r  t h e  win ter  season t h e  phase of 

S ' ( t )  changes wi th in  0h < $< 4h l i m i t s  i n  t h e  60" < @ < 80" range, while  t h e  

s p i r a l  inc ludes  12 hours l o c a l  t i m e  i n  t h i s  s a m e  range of l a t i t u d e s .  For t h e  

summer season, t h e  phases of S ' ( t )  equal  $Oh and $12 h f o r  60" < @ < 70" 

and 73" < @ < 80", respec t ive ly .  Hence, t h e  phases of S ' ( t )  f o r  t h e  summer 

season are not  p i c t u r e d  on t h e  p o l a r  diagram as a s p i r a l ,  bu t  as two segments 

near  t h e  zone and twelve-hour meridians.  

A s p i r a l  d i s t r i b u t i o n  can be obtained i f  S ' ( t )  i s  represented  as t h e  

superpos i t ion  of two waves with a near-midday and near-midnight maximum whose 

phases do not  change with l a t i t u d e  

S' ( t )  = r; cos ( t  -a) + cos ( t  -p). 

The t i m e  of t h e  maximum i s  determined i n  l o c a l  t i m e  from t h e  r e l a t i o n s h i p  

tg t = 
r I  sin Y + sin p 
r;  cos a + cos p * 

i n  t h i s  case. Assuming ~1 = 180" and 6 = 15" according t o  [7], t h e  changes i n  t 

i n  t h e  60 - 78" range can b e  computed f o r  t h e  summer season f o r  a l a t i t u d e  

change i n  t h e  amplitudes r'I and riI presented i n  [7]. It i s  found t h a t  t h e  

change i n  t i s  less than 2 hours,  and n o t  12 as t h e  s p i r a l  d i s t r i b u t i o n  

requi res .  S m a l l  changes i n  t are i n  sharp cont rad ic t ion  t o  r e s u l t s  on aurora 

b o r e a l i s  and magnetic a c t i v i t y  with r e s p e c t  t o  hourly indexes,  according t o  

which t h e  ova l  zone i s  included e n t i r e l y  wi th in  t h e  60 - 78" range of l a t i t u d e s  

i n  t h e  win ter .  
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Summer E q u i n o x  W i n t e r  

Figure 9. Location of t h e  maximum magnetic a c t i v i t y  
zone i n  d is turbed  days i n  1957 - 1959, i n  a p o l a r  
pro jec t ion .  

This b r i e f  survey and comparison of d a t a  on t h e  d i s t r i b u t i o n  of t h e  K 

i n d i c e s  which are known i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  t o  o b t a i n  a w e l l -

founded space-time d i s t r i b u t i o n  of t h e  magnetic a c t i v i t y  cont ro l led  by l o c a l  

time, it  is  necessary: 

1. 	 To have a v a i l a b l e  d a t a  i n  t h e  cor rec ted  geomagnetic coordinate  
system; 

2 .  	 t o  exclude t h e  p o s s i b l e  cont r ibu t ion  of components c o n t r o l l e d  by 
u n i v e r s a l  t i m e  as w e l l  as t h e  s i g n i f i c a n t  longi tude  e f f e c t s  i n  
t h e  mean d i u r n a l  values;  

3 .  t o  take  account of n o t  only t h e  f i r s t  but  a l s o  h igher  harmonics 
i n  	S ' ( t )  i n  e x t r a c t i n g  t h e  p a r t  of S c o n t r o l l e d  by l o c a l  t i m e .  a 

ACTIVITY DURING THE I G Y  ACCORDING 
TO rK 

Resul t s  of observat ions of 22 high la t 

i t u d e  s t a t i o n s  of t h e  nor thern  hemisphere a r e  

u t i l i z e d  t o  c l a r i f y  t h e  space-time p a t t e r n  

of t h e  magnetic a c t i v i t y  es t imated by t h e  K 

index. Ind ica ted  i n  t h e  t a b l e  i s  t h e  l o c a t i o n  

of t h e s e  observa tor ies ;  i .e.,  t h e i r  geographic 

Figure 10. L a t i t u d e  behavior ($,A), geomagnetic (@,A)  and cor rec ted  geo
of t h e  phase of t h e  S ' ( t )  
component according t o  [ 71. magnetic ( @ ' , A ' )  coordinates  are presented.  
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TABLE 

Observator ies  I Q . 

Eskdalemoor 
Nurmijarvi 
Ag i n  cour t  
Larvik 
Minook 
Welland 
Sodankyl ya 
Murmansk 
Col l e d ge 
T i k s i  Bay
Tromso 
Dikson 
Barrow 
Churchi l l  
Medvezhiy I s land  
Cape Chelyuskin 
Tikhaya Bay
Baker Lake 
Mur c h ison 
Godhavn 
Resolute Bay 
Thule 

71 

~-~~ 

55019' pc 03"IYW 83,20 s5,30r 
GO 31 
43 47. 
60 OS 
54 37 

24 39 E 
79 18W 
0.1 11 w 

113 20 w 

122,o 50,6
346,s  57,2 
88,H 58,9 
303,8 G2,r, 

Gi; 10 
G7 22 
63 57 
G4 52 

1GI) SOW 
2G 39E 
33 03E 
147 SO w 

237, x 62,6
120,4 G3,4
I%G,U 61,7
2:6,3 6 % , 0  

38 125 53 E 191,3 6i,6 
G9 40 18 5 7 E  116,7 G.;,3 
73 33 80 3'1E 265,s 6 3 , O
71 18 156 45 W 240,7 G9,7 
.ii30 9 i  1 2 w  332,s 70,o 
74 Y i  13 02 E 124,o 70,9
77 43 104 171C 176,s 71,3 
80 30 s2 48 E 1iO,5 743 
G4 18 96 00 W 314,s 7i,2 
80 03 18 15E 133,o 76,O 
69 14 53 32 w 33,6 77,6
74 42 9 i  54 w 287,7 84,3
77 29 69 10 W 357,4 87,7 

The K-indices of t h e  major i ty  of observa tor ies  considered are published i n  1150 

[27 ] .  It has  been remarked above t h a t  t h e  magnetic a c t i v i t y  i s  charac te r ized  by 

s u b s t a n t i a l  l o n g i t u d i n a l  e f f e c t s .  To e l imina te  them, i t  is  necessary t o  

average t h e  d a t a  of observa tor ies  l o c a t e d  a t  i d e n t i c a l -l a t i t u d e s  but  d i f f e r e n t  

longi tudes.  Consequently, i t  is extremely d e s i r a b l e  t o  have t h e  g r e a t e s t  

poss ib le  number of p o i n t s  with d i f f e r e n t  A. However, t h e r e  are no K-indices 

i n  [27 ]  f o r  a number of high l a t i t u d e  observa tor ies  loca ted  i n  t h e  western 

hemisphere and on Spitsbergen. Since d a t a  from t h e s e  observa tor ies  are 

needed t o  e l imina te  t h e  e f f e c t  of un iversa l  t i m e  i n  S as w e l l  as t o  smootha' 
t h e  l o n g i t u d i n a l  d i f f e r e n c e s ,  t h e  K-indices of t h e  Canadian observa tor ies  a t  

Resolute Bay, Baker Lake and Churchi l l ,  as w e l l  a s  those of t h e  observatory a t  

iiurchison, were recorded d i r e c t l y  from magnetograms s t o r e d  a t  t h e  B2 TJorld Data 
Center . 
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The t r a n s i t i o n  from K-indices t o  equivalent  amplitudes w a s  made j u s t  as i n  

[3] .  The amplitude l i m i t s  of each point  w e r e  taken according t o  [28] depehding 

on t h e  scale used a t  t h e  observatory.  The c a l c u l a t i o n s  of S and t h e  mean a 
d a i l y  va lues  of t h e  magnetic a c t i v i t y  w e r e  made s e p a r a t e l y  f o r  a l l  days and 

per iods wi th  p lane tary  magnetic a c t i v i t y  K
P 

= 0 - 1, 3 and 5 f o r  November, 

December, 1957; January,  February, 1958; and May - August,1958 ( r e s p e c t i v e l y ) .  

A list of t h e  d a i l y  changes i n  rKa t  high l a t i t u d e  s t a t i o n s  of t h e  southern 

hemisphere is contained i n  [29].  

Presented i n  Figure 11, is a l a t i t u d i n a l  d i s t r i b u t i o n  of t h e  mean d i u r n a l  -
rK f o r  K = 3 i n  win ter  and summer as a funct ion of Q and 0'. For K = 3 the

P P 
volume of s t a t i s t i c s  i s  g r e a t e s t ,  and t h e  change i n  rK with l a t i t u d e  is t h e  

same as f o r  c a l c u l a t i o n s  of TK f o r  a l l  days. The curves i n  Figure 11 are drawn 


through p o i n t s  represent ing  t h e  arithmetic mean of t h e  va lues  of rK wi th in  a 2" 


band i n  @ '  o r  Q. The mean d i u r n a l  value of .K a t  each s t a t i o n  i s  shown by 


a p o i n t ,  and t h e  mean va lue  by a circle. The ver t ical  l i n e  equals  t h e  mean 


square deviat ion.  (2)  Figure 11 shows t h a t  t h e  l a t i t u d i n a l  d i s t r i b u t i o n  of FK -/151 


becomes more ordered i n  0' coordinates  than i n  CP coordinates .  I n  p a r t i c u l a r ,  


t h e  magnitude of t h e  d ispers ion  i n  t h e  win ter  season diminishes from 53 t o  38y 


and i n  summer, from 55 t o  30 y. 


In  winter  rK i n c r e a s e s  from t h e  middle l a t i t u d e s  t o  CP' % 70", becoming 

a maximum a t  CP' 70" % 260y . A t  h igher  l a t i t u d e s ,  decreases  f i r s t  r a p i d l y ,-
then slowly a t  0' 2 76". A t  CP' > 80" i n  t h e  region near  t h e  pole ,  rK i s  -
s u b s t a n t i a l l y  g r e a t e r  than a t  CP' % 56 - 58". Such amonotonic change i n  rK i s  

descr ibed by t h e  va lues  of rK averaged wi th in  2" l i m i t s  i n  0'. I f  t h e r e  i s  

no averaging, and t h e  curve of t h e  l a t i t u d e  d i s t r i b u t i o n  is drawn d i r e c t l y  

through t h e  FK of t h e  s p e c i f i c  observa tor ies ,  t h r e e  maximums can b e  computed 

( a t  @ '  64, 69, and 71"). W e  assume t h a t  t h e  curve drawn through t h e  averaged 

d a t a  t o  be c l o s e r  t o  t h e  t r u e  l a t i t u d e  d i s t r i b u t i o n  of rK 

. .  

(*) The rK of Munnansk observatory were not  averaged. 
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Figure 11. L a t i t u d e  d i s t r i b u t i o n  of t h e  mean d i u r n a l  values  of 
magnetic a c t i v i t y  i n  rK f o r  win ter  and summer as a funct ion of 
t h e  geomagnetic @ and cor rec ted  geomagnetic Q 1  l a t i t u d e  f o r  
K = 3.

P 

The d i f f e r e n c e s  i n  t h e  rK of observa tor ies  l o c a t e d  at approximately 

i d e n t i c a l  a' are due t o  l o c a l  and longi tude e f f e c t s  which sometimes r e s u l t  i n  

s u b s t a n t i a l  changes i n  rK' For example, the  r a t i o  i s  rK= 1.8  a t  Barrow and 

Churchi l l  A @ '  = 0.3", while  t h e  r a t i o  is rK = 1.9 a t  Chelyuskin and Medvezhiy 

A @ '  = 0 . 4 " .  A l l  four  observa tor ies  are loca ted  a t  @'". 70", where n ight  d i s t u r 

bances , which reach t h e i r  h ighes t  i n t e n s i t y  i n  t h i s  reg ion ,  y i e l d  t h e  g r e a t e s t  

cont r ibu t ion  t o  rK i n  winter .  I n  summer t h e  magnitude of t h e  r a t i o  diminishes. 

The mean d i u r n a l  l e v e l  of dis turbance levels of f  t o  a considerable  e x t e n t ,  

which i s a p p a r e n t l y e x p l a i n e d  by t h e  inf luence  of remote sources  of dis turbance 

which are very i n t e n s e  i n  t h e  daytime hours of t h e  summer season i n  t h e  region 

near  t h e  pole.  The sharp d i f f e r e n c e  i n  FK a t  observa tor ies  with i d e n t i c a l  1152 
-

corrected geomagnetic l a t i t u d e s  again makes it necessary t o  average rK over 

t h e  l a t i t u d e  c i r c l e  t o  e l imina te  q u i t e  s i g n i f i c a n t  l o n g i t u d i n a l  e f f e c t s .  
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The l a t i t u d e  d i s t r i b u t i o n  i n  t h e  summer per iod i s  charac te r ized  by a high 

level of a c t i v i t y  i n  t h e  circumpolar region which i s  twice t h e  corresponding 

win ter  l e v e l .  Moreover, a second increase  i n  7
K a t  Q' % 75" i s  observed on t h e  

curve of t h e  l a t i t u d e  d i s t r i b u t i o n  of r
K f o r  t h e  summer season. The averaged rK 

are i d e n t i c a l  i n  magnitude a t  @ '  % 70 and 75". The d ispers ion  i n  t h e  p o i n t s  a t  

t h i s  p a r t  of t h e  curve i s  such t h a t  i t  is  d i f f i c u l t  t o  v e r i f y  d e f i n i t e l y  t h e  

ex is tence  of two m a x i m u m  zones of magnetic a c t i v i t y  a t  t h e s e  l a t i t u d e s  i n  t h e  

summer. However, i t  is  n o t  excluded t h a t  t h e  l a t i t u d e  change i n  rKw i l l  reach 

maximum values  a t  @ '  % 70" ( n o c t u m a l  dis turbances)  and @ '  % 75" 

( d i u r n a l  dis turbances)  i n  connection with t h e  development of i n t e n s e  magnetic 

dis turbances i n  t h e  circumpolar region i n  t h e  summer. The r a t i o  rK (summer)/-
rK (winter) v a r i e s  with l a t i t u d e .  The g r e a t e s t  changes occur a t  high l a t i t u d e s  

a t  @ >74". Seasonal changes a r e  small  a t  0' 5 70". Therefore ,  a t  l a t i t u d e s  

where noc turna l  d i s turbances  predominate, t h e  mean d iurna l  va lues  of t h e  

a c t i v i t y  do not  change from t h e  win ter  t o  t h e  summer s o l s t i c e ,  while  i t s  

changes a r e  s i g n i f i c a n t  i n  t h e  circumpolar region. These d a t a  a r e  i n  conformity 

with [31. 

The fundamental f e a t u r e s  of t h e  l a t i t u d e  d i s t r i b u t i o n  of rK a r e  presented 

i n  Figure 1 2  f o r  K 
p 

< 1 and K
P 

= 5 ( f o r  K
P -

< 1 t h e  number of cases is  smal l ) .  

The maximum values  of rK a r e  always observed a t  @ '  % 70" i n  win ter .  However, 

f o r  a weak dis turbance (K
P 

= 0 - l), t h e  rKa t  0'  % 70" a r e  always 25Y g r e a t e r  

than t h e  rK i n  t h e  circumpolar region. A s  KP increases ,  t h e  rK increases  

a t  a l l  l a t i t u d e s ,  and p a r t i c u l a r l y  s i g n i f i c a n t l y  a t  @ '  % 70". The l a t i t u d e  

d i s t r i b u t i o n  takes  on t h e  customary bell-shape . I n  summer t h e  rK vary 

r e l a t i v e l y  d i f f e r e n t  manner a s  5 increases  at Q' Q 70" and 75O. For I$ = 0 - 1/153-
t h e  FK a t  @ '  % 75" i s  25y g r e a t e r  than t h e  

K 
a t  Q' = 70". For K

P 
= 3 t h e  rK 

a t  t h e s e  l a t i t u d e s  are equal  ( s e e  Figure 11) and f o r  K
P 

= 5 t h e  d is turbance  

a t  (P' %70° is lOOy g r e a t e r  than t h e  rK a t  @ '  % 75". Such a r e d i s t r i b u t i o n  of 

rKwith t h e  change i n  K
P 

is explained by an abrupt i n c r e a s e  i n  t h e  i n t e n s i t y  of 

t h e  noc turna l  dis turbances when going from K
P 

= 0 - 1 t o  K
P 

= 5 ,  and the r e l a t i v 

e l y  weaker magnif icat ion of t h e  d i u r n a l  dis turbances i n  t h e  circumpolar region. 
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- W i n t e r  Summer 
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Figure 1 2 .  L a t i t u d e  d i s t r i b u t i o n  of t h e  mean d i u r n a l  va lues  
of magnetic a c t i v i t y  i n  FK f o r  win ter  and summer with Kp 5 1 
and Kp = 5. Open circles - values  of r averaged every 2" 
i n  a ' ,  dark circles - values  of rKa t  s p e c i f i c  observator ies .  

On t h e  whole, t h e  r e s u l t s  of t h e  a n a l y s i s  of t h e  l a t i t u d e  d i s t r i b u t i o n  of 
-
rK i n  summer and i n  win ter  v e r i f y  t h e  deductions obtained earlier [12, 131 i n  an 

a n a l y s i s  of t h e  mean d i u r n a l  magnitudes of t h e  Q-index and rH: In winter  t h e  

mean d i u r n a l  values  of t h e  magnetic a c t i v i t y  are m a x i m a l  i n  t h e  Fritz-Weston 

zone of t h e  aurora  b o r e a l i s  f o r  any value of K
P' 

I n  summer t h e  magnetic 

a c t i v i t y  i n  t h e  circumpolar region increases  abrupt ly  and is  a t  a high level 

throughout t h e  whole p o l a r  cap from t h e  geomagnetic po le  t o  t h e  aurora  

b o r e a l i s  zone. Only during s t rong  magnetic d i s turbances  is a region with 

m a x i m u m  magnetic d i s turbance  a t  l a t i t u d e s  of t h e  Fritz-Westin aurora  b o r e a l i s  

zone again manifested i n  t h e  la t i tuLe- .  d i s t r i b u t i o n  f o r  t h e  summer season. It 
is  known t h a t  the  d i u r n a l  changes i n  magnetic a c t i v i t y  depend on t h e  la t 

i t u d e  of t h e  observatory and t h e  season. P ic tured  i n  Figure 13 are t h e  S of 
a 

several observa tor ies  f o r  t h e  winter  and summer seasons.  I n  win ter  S has  a a 
simple shape with a maximum i n  t h e  night t ime a t  @ '  % 65" and i n  t h e  daytime a t  

0' % 65" (Sodankylya, Tromso, Thule). A t  in termediate  l a t i t u d e s  (Chelyuskin) S a 
is  represented by a more complex curve with two maxima i n  t h e  pre-midnight and 

morning hours. J u s t  l i k e  t h e  l a t i t u d e  d i s t r i b u t i o n  of r t h e  shape of S i s
K' a 

determined t o  a g r e a t e r  e x t e n t  by t h e  cor rec ted  geomagnetic l a t i t u d e  than by the  

geomagnetic l a t i t u d e  of t h e  c e n t r a l  dipole .  I n  t h e  summer t h e  d a i l y  
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9 W i n t e r  Summer 

naximum a l s o  remains unique a t  0' 75" 

130
* 90 

A t  0' 'L 65", bes ides  t h e  maximum 
around midnight,  t h e r e  i s  a second 

0- 160 
&( 200 

maximum i n  t h e  evening hours which is  
hard ly  not iced  i n  Sodankylya and i s  

c l e a r l y  seen i n  Tromso. The rise 

i n  a c t i v i t y  i n  t h e  evening a t  t h e s e  
240 l a t i t u d e s  i s  even more c l e a r l y  mani- 1154 

f e s t e d  i n  t h e  hourly i n d i c e s  [ll, 1 2 1 .  

The morning m a x i m u m  i s  r e t a i n e d  a t  

7 90- 0 3 6 9 12 IS 18 21 0 3 6 9 12 15 18 21 UT 
I ' I ' I I 

t h e  intermediate  l a t i t u d e s  and, 
moreover, a second a c t i v i t y  m a x i m u m  

Figure 13. Diurnal- changes i n  magnetic i s  manifested i n  t h e  post-midday hours 
a c t i v i t y  i n  win ter  
day observat ions.  

and summer f o r  a l l  
Arrows i n d i c a t e  i n  addi t ion  t o  t h e  pre-midnight hours.  

l o c a l  noon. 

The t i m e  of appearance and t h e  

number of rKmaxima i n  S depend on 0'. I n  win ter  one maximum is  observed i n  t h e  a 
near  midnight hours  from 60 t o  80"; t h e  o ther  se ts  i n  a t  la ter  hours  l o c a l  

time with t h e  advance i n t o  higher  l a t i t u d e s :  a t  2h a t  Q' Q 62" and 1 2 h  a t  

9' -> 80". I n  summer, t h e  separa t ion  i n t o  two maxima becomes n o t i c e a b l e  a t  

Q' % 62", where as t h e  l a t i t u d e  i n c r e a s e s ,  t h e  morning maximum i s  manifested 

l a t e r ,  and t h e  evening maximum a t  e a r l i e r  l o c a l  t i m e s .  I n  a p o l a r  p r o j e c t i o n  

these  dependences are s p i r a l s  analogous t o  those descr ibed earlier f o r  t h e  

hourly ind ices .  As K
P 

i n c r e a s e s  t h e  s p i r a l s  are deformed somewhat. The change 

i n  t h e  s p i r a l s  with growth i n  a c t i v i t y  can be determined more accura te ly  on t h e  

b a s i s  of hourly a c t i v i t y  i n d i c e s  hence,we do n o t  consider  t h i s  here .  

The va lue  of t h e  magnetic a c t i v i t y  which changes during t h e  day can b e  

determined from t h e  genera l  r e l a t i o n s h i p  

s a  = so -1- s( T )fs ( t ) ,  
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where t = T + A, S0 is t h e  mean d i u r n a l  value,  S(T) and S ( t )  are p a r t s  of t h e  

d i u r n a l  behavior dependent, respec t ive ly ,  on u n i v e r s a l  and l o c a l  t i m e  [ 2 ,  41. 

The e x t r a c t i o n  from S a of t h e  p a r t  c o n t r o l l e d  by l o c a l  t&e can be accomp

l i s h e d  by averaging t h e  Sa of s t a t i o n s  loca ted  a t  t h e  i d e n t i c a l  @ '  but  a t  d i f f e r 

e n t  longi tudes ,wi th  r e s p e c t  t o  l o c a l  t i m e .  The f i r s t  harmonic of S(T)  i s  elimina
-

t e d  when tak ing  t h e  average f o r  two s t a t i o n s  separa ted  by 180" longi tude.  The 
f i r s t  and second harmonics are el iminated f o r  f o u r  s t a t i o n s  with uniform 

l o n g i t u d i n a l  d i s t r i b u t i o n ,  etc. But t h e  S ( t )  p a r t  is conserved completely t o  

t h e  very h ighes t  harmonics. Moreover, t ak ing  t h e  average of t h e  mean d i u r n a l  

-value with respec t  t o  t h e  longi tude  smooths out t h e  l o n g i t u d i n a l  e f f e c t  rK' 

Therefore,  t a k i n g  t h e  average with respec t  t o  l o c a l  t i m e  of S of a number 
a 

of observa tor ies  a t  i d e n t i c a l  l a t i t u d e s  l e a d s  t o  va lues  of magnetic a c t i v i t y :  

a )  	f r e e  of t h e  inf luence  of un iversa l  t i m e  [ t h e  p a r t  S(T)] ;  b) smoothed with 

r e s p e c t  t o  t h e  l o n g i t u d i n a l  e f f e c t  ( i n  rK) ;  c)  r e t a i n i n g  a l l  harmonics up t o  

t h e  h ighes t  i n  t h e  p a r t  S ( t ) .  

A comparison of t h e  S f o r  l u c a l  and l o c a l  geomagnetic times showed t h a t  a 
l o c a l  geomagnetic t i m e  r e g u l a t e s  t h e  phenomenon b e s t .  Hence, S i s  averageda 
with r e s p e c t  t o  geomagnetic t i m e  ( t ' ) .  The S of t h e  following observa tor ies  a 
w e r e  u t i l i z e d  : 

Nurmijarvi - Agincourt 56.9 

Sodankylya - Minook 63.0 

Tromso - College 65.6 

Churchill-Barrow-Cape Chelyuskin 

Medvezhiy I s l a n d  70.5 

Tikhaya Bay-Baker Lake 74.7 

Godhavn - Murchison 76.8 

The of each observatory d i f f e r e d  from t h e  @ '  of t h e  appropr ia te  p a i r  	 /156-av 
by n o t  more than several t e n t h s  of a degree. I n  t h e  "corrected geomagnetic 

l a t i t u d e  - geomagnetic t i m e "  p o l a r  coordinates ,  Figure 14 g i v e s  t h e  i n t e n s i t y  
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Kp61 A l l  day  
Kp-5 

Figure 14 .  Change i n  r i n  three-hour loca l  geomagnetic t i m e  i n t e r v a l s  i n  a polar  
project ion f o r  p a i r s  o f  observatories.  Heavy l i n e  connects points  a t  which t h e  
the  disturbance i s  a maximum f o r  a given three  hour i n t e r v a l .  



d i s t r i b u t i o n  of rK f o r  t h e  l i s t e d  p a i r s  of o b s e r v a t o r i e s  f o r  t h e  win ter  and 

summer seasons f o r  K < 1, and f o r  a l l  days f o r  K = 5 .  Values of rK of t h e  
P - P 

p a r t  50 + S ( t )  f o r  t h e  appropr ia te  t h r e e  hour interval are indica ted  by numbers 

along t h e  l i n e s  @ '  = const.  I s o l i n e s  drawn by i n t e r p o l a t i n g  between appropr ia te  

numerical  d a t a  y i e l d  a genera l  representa t ion  of t h e  d i s t r i b u t i o n  of t h e  magnetic 

a c t i v i t y  components dependent on l o c a l  t i m e .  The heavy l i n e  i n  t h e  shape of 

an ova l  i n  t h e  @', t '  coordinates  is t h e  p o s i t i o n  of t h e  maximum dis turbance 

region. The l o c a t i o n  of t h e  oval  f o r  d i f f e r e n t  K
P 

c h a r a c t e r i z e s  t h e  dynamics of 

t h e  max imum d is turbance  region. 

For K
P -

< 1, t h e  g r e a t e s t  dis turbance i n  t h e  win ter  season is  observed a t  

O '  % 70.5" a t  n i g h t ,  and @ '  Q 74.7" by day. AS K i n c r e a s e s ,  t h e  dis turbance 
P 

i n t e n s i t y  grows s t r o n g l y  a t  a l l  l a t i t u d e s ,  and t h e  region of maximum d i s t u r 

bance s h i f t s  towards t h e  equator  on both t h e  day and the  n ight  s i d e s  of Earth.  An 
analogous s h i f t  i s  a l s o  observed f o r  t h e  a u r o r a l  bands as K

P 
increases  [30, 311. 

However, t h e  ovalness of t h e  region of maximum dis turbance  is conserved f o r  a l l  

dis turbance l e v e l s ,  because t h e  dis turbance reaches max imum va lues  a t  h igher  

l a t i t u d e s  on t h e  dayside as compared with t h e  n i g h t s i d e .  The absolu te  value 

of t h e  dis turbance along t h e  oval decreases  from night t ime t o  daytime. An 
analogous r e s u l t  has  been obtained according t o  hour ly  i n d i c e s  [12, 131. 

I n  summer, i n  c o n t r a s t  t o  win ter ,  t h e  g r e a t e s t  d i s turbance  i s  observed a t  

O' % 75 - 77" i n  t h e  forenoon. For K < 1 t h e  m a x i m u m  dis turbance i n  these
P 

hours i s  poss ib ly  l o c a t e d  a t  s t i l l  higher  l a t i t u d e s .  AS K
P.

increases ,  t h e  

noc turna l  d i s turbance  at @ % 65" i s  magnified abrupt ly ,  and f o r  K
P 

= 5 t h e  

dis turbance achieves m a x i m u m  va lues  a t  n ight  and by day. I n  summer, as i n  

win ter ,  t h e  maximum a c t i v i t y  region forms an ova l  whose width increases  with t h e  

passage from night t ime t o  daytime. 

The presence of two e leva ted  dis turbance regions along t h e  ova l  i n  t h e  sum

m e r  season i n d i c a t e s  t h a t  t h e  ova l  zone of maximum magnetic dis turbance i s  

inhomogeneous. Since t h e  ova l  i s  loca ted  on t h e  boundary of t h e  region of 

magnetic l i n e s  of f o r c e  forming t h e  loop of t h e  magnetosphere, t h e  d i u r n a l  d i s 

turbance should then b e  connected with processes i n  t h e  region of t h e  high
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l a t i t u d e  n e u t r a l  l i n e  on t h e  dayside,  and the nocturna l  dis turhance i n  the region 

of t h e  n e u t r a l  l a y e r  of t h e  magnetosphere loop. 

The abrupt magnif icat ion of t h e  d i u r n a l  d i s turbance  of the summer season 

i s  t h e  reason f o r  t h e  second h igh- la t i tude  maximum i n  FY a t  @'% 75" noted above.K 
Therefore ,  one ova l  zone e x i s t s  a t  high l a t i t u d e s  r a t h e r  than two q u a s i c i r c u l a r  

zones of max imum d i s t u r b a n r e  a t  @=63 - 65' and @ = 75 - 78". However, the 

d is turbances  i n  t h e  d i u r n a l  and t h e  noc turna l  s e c t o r s  of t h e  ova l  are d i f f e r e n t ,  

and can hence vary d i f f e r e n t l y  with dis turbance l e v e l ,  season, etc. 

I n  Figure 1 4 ,  t h e  region of max imum dis turbance va lues  was determined by 

t h e  l a t i t u d e  of a p a i r  of observa tor ies  a t  which t h e  d is turbance  w a s  a maximum 
wi th in  t h e  given three-hour i n t e r v a l .  The l a t i t u d e  and amplitude of g r e a t e s t  

a c t i v i t y  i n  t h i s  three-hour i n t e r v a l  of l o c a l  geomagnetic t i m e  can b e  determined 

more exac t ly  i f  a parabola  with a v e r t i c a l  a x i s  i s  drawn through t h e  maxi" 

value of rK and two p o i n t s  which frame it.  Then t h e  coordinates  of t h e  parabola ' s  

vor tex  def ine  these  two parameters. Shown i n  a polar  p r o j e c t i o n  i n  Figure 15 

is  t h e  l o c a t i o n  of a maximum dis turbance  region ca lcu la ted  i n  t h i s  manner. 

The dynamics of t h e  oval  i n  t h e  near-midday and near-midnight hours  i s  i n  

good agreement with [16] and with t h e  dynamics of t h e  aurora  b o r e a l i s  bands. 

Taking t h e  average of S of a p a i r  of observa tor ies  with respec t  t o  uni- /157a 
v e r s a 1  t i m e ,  an attempt can be made t o  e x t r a c t  t h e  component S(T) . A maximum 

65.6, 70.5, 74.7, 76.8'i s  c l e a r l y  apparent a t  12 - 18h UT by p a i r s  with @lv 

i n  t h e  averaged p a t t e r n s  on a l l  days i n  winter .  In  summer t h e  changes i n  rK 


with respec t  t o  UT are extremely i r r e g u l a r ,  and maxima can appear a t  any t i m e .  


Hence, i n  w i n t e r  t h e  component S(T) introduces a c o n t r i b u t i o n  t o  S and t h e  
a 
t i m e  of t h e  maximum corresonds t o  t h a t  obtained i n  [ 7, 121. However, t h e  

cont r ibu t ion  of S(T) t o  S is s l i g h t .  Otherwise it i s  d i f f i c u l t  t o  expla ina 
why d i u r n a l  changes i n  rK d i f f e r  q u i t e  i n s i g n i f i c a n t l y  i n  a n m b e r  of observa

/158t o r i e s  with i d e n t i c a l  @' but  d i v e r s e  longi tudes.  Presented i n  Figure 16 are -
changes i n  rK i n  t h e  w i n t e r  season a t  observa tor ies  a t  T i k s i  Bay, C o l l e g e ,  
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izh W i n t e r  12' Summer 

oh ah 
Figure 15. Location of maximum dis turbance  

regions i n  win ter  and summer for K < 1 
(1);Kp = 3 (2 ) ;  K

P 
= 5 (3) .  P 

'n. Y 

2401 9 A l l  d a y  9 

_L80 

Figure 16 .  Change i n  rK i n  t h e  win ter  

season. 1 - College , 2 - Tromso, 
3 - T i k s i  Bay, 4 - Minook, 5 -
Sodankylya. 

UT 

Figure 17. S f o r  a l l  day a t  Cana
dian observa tor ies  i n  win ter  and 
summer. 1 - Minook, 2 - Churchi l l ,  
3 - Baker Lake, 4 - Resolute Bay. 
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Tromso (K
P 

= 3) and Minook,Sodankylya(all  day). The almost t o t a l  s i m i l a r i t y  

of t h e  d iurna l  changes i n d i c a t e s  t h e  i n s i g n i f i c a n c e  of t h e  component S(T) i n  

t h i s  case;  however, a d i f f e r e n c e  is p e r c e p t i b l e  f o r  o t h e r  K . 
P 

Since t h e  amplitude of S(T) a t  high l a t i t u d e s  i s  s u b s t a n t i a l l y  less than 

t h e  amplitude of S ( t ) ,  t h e  l a t i t u d i n a l  displacements of t h e  maximum dis turbance  

region should then r e s u l t  i n  a r e d i s t r i b u t i o n  of r e l a t i v e  va lues  of rK at 

observa tor ies  l o c a t e d  a t  i d e n t i c a l  longi tudes but  d i f f e r e n t  l a t i t u d e s .  I n  

p a r t i c u l a r ,  rK w i l l  be  maximal a t  lower l a t i t u d e  s t a t i o n s  i n  t h e  night t ime,  and 

a t  h igh- la t i tude  s t a t i o n s ' i n  t h e  daytime. The i d e n t i c a l  longi tude  of t h e  observ

a t o r i e s  e l imina tes  t h e  longi tude  e f f e c t  and makes i t  poss ib le  t o  compare t h e  

S i n  un iversa l  t i m e .  a 

There a r e  two such chains  of observa tor ies  a t  our  d i s p o s a l ,  i n  Canada and i n  

Western Eqrope. Presented i n  Figure 1 7  a r e  rK f o r  a l l  day f o r  t h e  Minook, 

Churchi l l ,  Baker Lake, Resolute Bay s t a t i o n s .  Since i n t e r r u p t i o n s  occurred i n  
t h e  recording of t h e  magnetic f i e l d ,  t i m e  i n t e r v a l s  during which t h e r e  was 

no recording a t  a c e r t a i n  observa torywere then  excluded from t h e  computations 

a t  a l l  t h e  observa tor ies .  

The dis turbance i s  a t  a maximum a t  night  i n  t h e  w i n t e r  between Minook 

and Churchi l l  and drops a t  t h e  pole. I n  t h e  daytime, t h e  rK are m a x i m a l  

a t  t h e  Baker Lake observatory.  I n  summer a t  n i g h t ,  t h e  d is turbance  i s  g r e a t e r  

a t  t h e  Minook and Churchi l l  observa tor ies  a t  n i g h t ,  and a t  t h e  h igh- la t i tude  Baker 

Lake and Resolute Bay observa tor ies  during t h e  day. These changes i n  t h e  posi

t i o n  of t h e  maximum dis turbance  oval agree with t h e  r e s u l t s  obtained above by 

averaging S of p a i r s  of observa tor ies .  Analogous d i u r n a l  changes i n  t h e  rela 
ative va lues  of rK are a l s o  observed i n  t h e  chain of European observa tor ies .  

rK ACTIVITY DURING THE I Q S Y  

The r e g u l a r i t i e s  i n  t h e  rKd i s t r i b u t i o n  descr ibed above charac te r ized  

t h e  year  of high s o l a r  a c t i v i t y .  Observations during t h e  IQSY period permit

t e d  a corresponding a n a l y s i s  i n  t h e  year  of t h e  minimum. I f  t h e  sun had been 
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e x t r a o r d i n a r i l y  active i n  1957 - 1958 (mean monthly Wolf number%200), then t h e  

mean monthly Wolf numbers i n  1964 w e r e  less than 10 f o r  t h e  major p o r t i o n  of t h e  

year.  

The S and GK w e r e  ca lcu la ted  seasonal ly  during t h e  IQSY: win ter  (Januarya 
February and November - December 1964) and summer (May - August 1964) f o r  

a l l  days and s e p a r a t e l y  f o r  K
P -

< 1, K
P 

= 3 and K
P 

= 5. With.some except ions,  

t h e  K-indices of t h e  same observa tor ies  as during t h e  IGY w e r e  used. I n  p a r t i c 

u l a r ,  t h e r e  w a s  no material from magnetic observat ions a t  t h e  Murchison observ

a t o r y  a t  t h e  B2 World Data Center, bu t  t h e r e  w a s  a p o s s i b i l i t y  of using d a t a  

from t h e  Kirun and Reykjavik observa tor ies .  

I n  Figure 18 i s  t h e  l a t i t u d e  d i s t r i b u t i o n  of FK f o r  a l l  day f o r  K < 1, % 
P 

= 3,  and K = 5 as a func t ion  of @'.The curves have been drawn through p o i n t s
P -

represent ing  t h e  mean va lues  of rK f o r  2" i n t e r v a l s  i n  @'.No curve w a s  drawn 

f o r  K = 5,  because i n t e n s e  p lane tary  d is turbances  w e r e  r a r e l y  manifested during
P 

t h e  IQSY and hence t h e  s t a t i s t i c a l  confidence i n  r e s u l t s  obtained �or  K = 5 is
P 

s l i g h t .  

The FK a t  t h e  Reykjavik observatory i s  less f o r  a l l  d i s turbance  l e v e l s  than 

a t  T i k s i  Bay and College . This i s  apparent ly  a mani fes ta t ion  of t h e  longi tude 

e f f e c t ,  which c o n s i s t s  of reduced va lues  of t h e  magnetic a c t i v i t y  a t  t h e  

European observa tor ies  as compared with t h e  A s i a t i c  and American [12 , 261. 

I n  win ter  t h e  r K i s  a maximum a t  0' % 71" f o r  a l l  d i s turbance  levels. It /I59 
diminishes towards t h e  equator  and towards t h e  pole.  The drop a t  t h e  pole  i s  

sharper  f o r  i n t e n s e  dis turbances.  Despite t h e  abrupt  diminution i n  s o l a r  

a c t i v i t y ,  t h e  i n t e n s i t y o f  a dis turbance a t  t h e  m a x i m u m  is kept a t  t h e  same 

l e v e l  as during t h e  IGY. The pos i t ion  of t h e  maximum is a l s o  s h i f t e d  q u i t e  

n e g l i g i b l y .  Conservation of t h e  magnetic a c t i v i t y  a t  a high level during t h e  

minimum s o l a r  a c t i v i t y  year  has been noted e a r l i e r  i n  [5,  331. Thus, t h e  mean 

d i u r n a l  dis turbance level a t  @ '  % 70 - 71" experiences no n o t i c e a b l e  c y c l i c  

f o r  K f o r  Kchanges, remaining ~ 1 0 0 ~  
P -

< 1 and ~ 3 0 0 ~  
P 

= 3. I n  t h e  region near  
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t h e  pole  rK i n c r e a s e s  i n  1964 as K grows. The r a t i o  zK i s  $2 f o r  K <1 and
P P 

' ~ 1f o r  K
P 

= 3 during t h e  m a x i m u m  and minimum years .  

Therefore,  a s u f f i c i e n t l y  i n t e n s e  magnetic dis turbance,  comparable i n  

magnitude t o  t h e  d is turbance  i n  t h e  maximum year ,  i s  observed a t  high l a t i t u d e s  

even i n  t h e  year  of t h e  minimum s o l a r  a c t i v i t y  cycle .  The d i f f e r e n c e  i n  t h e  TK /160 

d i s t r i b u t i o n s  during t h e  I G Y  and I Q S Y  f o r  all day is s l i g h t  i n  connection wi th  

t h e  r e l a t i v e  r e d i s t r i b u t i o n  of t h e  number of i n t e r v a l s  with K
P -

< 1, Kp=3 and 

K = 5, and is  less than two. I n  1957 -1958, i n t e r v a l s  with K = 3 appeared
P P 

most o f t e n ,  and with K
P -

< 1 i n  1964. 

The d is turbance  i n  t h e  circumpolar region i s  magnified sharp ly  i n  summer. 

For K < 1 t h e  rKis  approximately i d e n t i c a l  i n  t h e  whole range of l a t i t u d e s  

2,CJ' ;O', but  as KP increases  a more i n t e n s e  magnif icat ion of 7K is  observed 

a t  CJ' r~ 70",as compared with t h e  p o l a r  region. All these  s i n g u l a r i t i e s  of t h e  

l a t i t u d e  d i s t r i b u t i o n  of rKw e r e  a l s o  c h a r a c t e r i s t i c  f o r  t h e  year  of t h e  

max imum.  

The S r e t a i n  t h e  b a s i c  f e a t u r e s  of t h e  IQSY per iod i n  1964: one maximum a 
a t  n i g h t  a t  CJ' 65" i n  win ter  and a t  @ '  > 80" during t h e  day, and two m a x i m a  

i n  t h e  evening and morning hours  a t  in te rmedia te  l a t i t u d e s .  There i s  a d i f 

ference i n  t h a t  i n  1957 - 1958 two maxima w e r e  c l e a r l y  observed i n  t h e  Cape 

Chelyuskin observatory,  while  t h e r e  i s  j u s t  one n i g h t  m a x i m u m  a t  t h i s  

observatory i n  1964 and a two-humped curve appears a t  h igher  l a t i t u d e s .  Two 

maxima are seen c l e a r l y  a t  t h e  Tikhaya Bay observatory i n  Figure 19. The 

c y c l i c  changes i n  t h e  shape of S a t  t h e  Cape Chelyuskin observatory can b e  a 
explained by t h e  f a c t  t h a t  t h e  Cape Chelyuskin observatory w a s  wi th in  t h e  

ova l  zone of maximum magnetic dis turbance i n  t h e  all-day observat ions i n  t h e  

win ter  of 1957 - 1958, and i n  t h e  z o n e . i t s e l f  i n  1964. 

The p a r t  c o n t r o l l e d  by l o c a l  t i m e  w a s  e x t r a c t e d  from Sa by t h e  method 

descr ibed above, and space-time d i s t r i b u t i o n s  of GK, p resented  i n  Figure 20 

f o r  K
P 

= 1, K
P 

= 3, and K
P 

= 5, w e r e  constructed i n  a p o l a r  pro jec t ion .  
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Figure 18. L a t i t u d e  d i s t r i b u t i o n  of t h e  mean d i u r n a l  va lues  of 
magnetic a c t i v i t y  i n  TK f o r  winter  and summer f o r  Kp _< 1, $= 3 ,  
Kp = 5, and a l l  day i n  1964.  

Circles - mean value of r every 2' i n  @ '  

The S data ,averaged wi th  respec t  t o  geomagnetic time f o r  t h e  observatora 
ies,are presented below: I 1 6 2  

Nurmij ami - Agincourt 56.9 

Sodankylya - Minook 63.0 


College - Reykjavik - Kiruna - T i k s i  Bay 65.4 
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I 1  I l l l l l  l l l l l l l l l l l l l  

W i n t e r  S umme r Cape Chelyuskin - Churchi l l  70.6 

Sodankylya'? Tikhaya Bay - Baker Lake 74.7 

I n  addi t ion  S from t h e  a 
Godhavn and Resolute Bay observa

t o r i e s  near  t h e  pole  w e r e  u t i l i z e d  

t (without averaging).  

zoo 5 37 - Values of rKof t h e  p a r t  S0 + 
S ( t )  are indica ted  along t h e  i s o l i n e s  

-100 9' = const  i n  Figure 20 f o r  t h e  
I r m  - T h u l e  
120 - corresponding t h r e e  hour i n t e r v a l .  

80: The i s o l i n e s  drawn by in te rpo-

O t I  I I I 1 I I I I .  1 1 I I I I I I I .. l a t i n g  between corresponding numer
9 0 6 12 18 24 0 6 12 1 8 " 3 I ! J  i c a l  r e s u l t s  y i e l d  a genera l  con-

Figure 19.  Diurnal  changes i n  r
K 

f o r  cept  of t h e  d i s t r i b u t i o n  of t h e  
win ter  and summer according t o  all-day magnetic a c t i v i t y  component depend-observat ions i n  1964. 

Arrows show l o c a l  noon. e n t  on l o c a l  t i m e .  The heavy l i n e  

i n  t h e  shape of an ova l  i n  t h e  

@ ' ,  t '  coordinates  r e p r e s e n t s  

t h e  p o s i t i o n  of t h e  maximum dis turbance region. The p o s i t i o n  of t h e  ova l  f o r  

d i f f e r e n t  K
P 

c h a r a c t e r i z e s  t h e  dynamics of t h e  maximum dis turbance region. 

J u s t  as f o r  t h e  IGY per iod,  t h e  p o s i t i o n  and i n t e n s i t y  of t h e  max imum 

d is turbance  w e r e  c a l c u l a t e d  i n  a parabol ic  approximation. I n  c o n t r a s t  t o  t h e  

IGY ( see  Figure 15),when t h e  m a x i m u m  d is turbance  i s  observed a t  n ight  i n  

win ter  a t  lower l a t i t u d e s  as K
P 

i n c r e a s e s  ( @ '  Q, 71" f o r  KP = 1 and @ '  % 67" 

for K = 5 ) ,  t h e  maximum d is turbance  i s  r e t a i n e d  a t  70 - 71" l a t i t u d e s  i n  t h e
P 

IQSY as K
P 

varies between 1 and 5. An analogous phenomenon w a s  noted earlier 

also i n  t h e  d i s t r i b u t i o n  of t h e  aurora  b o r e a l i s  [32]. The ca lcu la ted  p o s i t i o n  

of t h e  maximum dis turbance  region f o r  a l l  day observat ions in  t h e  y e a r s  of 

t h e  maximum and minimum s o l a r  a c t i v i t y  cyc le  is presented i n  Figure 21. Both 

in w i n t e r  and i n  summer, independently of t h e  phase of t h e  cycle ,  i t  is an o v a l  

i n  shape, l o c a t e d  a t  h igher  l a t i t u d e s  i n  t h e  daytime than a t  h ight .  The o v a l  i s  
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W i n t e r  
1161 


Ob 

12 

Figure 20. Changes i n  rK i n  three-hour l o c a l  geomagnetic 
t i m e  i n t e r v a l s  i n  a p o l a r  p r o j e c t i o n  f o r  p a i r s  of observ
a t o r i e s .  Heavy l i n e  connects p o i n t s  a t  which t h e  dis
turbance is a max imum f o r  t h e  given three-hour i n t e r v a l .  
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W i n t e r  Summer 
Iph 

Oh 

Figure 21. Location of t h e  maximum dis turbance  
region f o r  a l l  day observat ions i n  win ter  and 
summer. 1 - IQSY,  2 - IGY. 

loca ted  a t  lower l a t i t u d e s  i n  t h e  

years  of t h e  m a x i m u m ,  which is  

explained by t h e  predominance of 

d i s turbed  i n t e r v a l s  i n  these  

per iods,  charac te r ized  by 

l a r g e r  values  of KP than the  

years  of t h e  minimum. 

A s  during t h e  IGY, t h e  S(T) 

component is e x t r a c t e d  by averaging 

t h e  S values  of t h e  observa tor ies  a 
1-I -1I' b h ' 12 18- ;I, h ' b ," ' ' &",with respec t  t o  u n i v e r s a l  time. In 

Figure 22. Averaging of Sa over chains 1964, w e  had d a t a  of four  observa

of observa tor ies  a t  College , Reykjavik, t o r i e s  loca ted  approximately uniform-
Kurina, T i k s i  with respec t  t o  UT. 
Arrows n o t e  l o c a l  midnight a t  each i l y  i n  longi tude  f o r  0' 6 5 " .  

observatory.  Presented i n  Figure 22 are r e s u l t s  

of t h e  averaging f o r  t h e  w i n t e r  and /163 
summer seasons during t h e  per iods  when t h e r e  w e r e  s u f f i c i e n t  statistics. The 

d i u r n a l  changes i n  rK a t  t h e s e  l a t i t u d e s  are of simple shape; and hence, the 

d a t a  from t h e  four  observa tor ies  are adequate f o r  a r e l i a b l e  e x t r a c t i o n  
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of t h e  S(T) por t ion .  I n  w i n t e r  S(T) is  a t  a max imum i n  t h e  12 - 18h UT 

range, and a t  12 - 15h UT i n  summer. Therefore,  t h e  phase of t h e  S(T) component 

changes somewhat from winter  t o  summer. The r a t i o  between t h e  amplitudes of 

t h e  components S(T)/S(t)  changes during t h e  s o l a r  cyc le ,  i n c r e a s i n g  a t  t h e  

minimum. This agrees  wi th  t h e  r e su l t s  obtained i n  [15]. An a n a l y s i s  of the 

winter-summer d i f f e r e n c e s  i n  S(T) v e r i f i e d  t h e  presence of an S (T) p o r t i o n  

during t h e  IQSY, which a t t a i n s  a max imum va lue  a t  15 - 18h UT [4]. 

CONCLUSIONS 

Space-time p a t t e r n s  of the magnetic a c t i v i t y  during t h e  maximum and minimum 

s o l a r  a c t i v i t y  cyc le  are considered h e r e i n  f o r  d i f f e r e n t  p lane tary  dis turbance 

levels and a l l  day. The following fundamental r e s u l t s  are obtained. 

1. The magnetic a c t i v i t y  is kept  a t  a .high level a t  h igh  l a t i t u d e s  even 

i n  years  of minimum s o l a r  a c t i v i t y .  The mean d i u r n a l  va lues  of FK are approx

imately i d e n t i c a l  i n  t h e  IGY and IQSY a t  cp' % 70", while  t h e i r  r a t i o  depends on 

K i n  t h e  region near  t h e  pole ,  bu t  a l s o  is  %l.
P 

2. The region of m a x i m u m  va lues  of rK i n  a "corrected geomagnetic 

lati tude-geomagnetic t i m e "  coordinate  system is  oval  i n  shape and l o c a t e d  a t  

h igher  l a t i t u d e s  by day and lower l a t i t u d e s  a t  n ight .  The magnetic dis turbance 

i n  t h e  d i u r n a l  and noc turna l  p a r t s  of t h e  ova l  has  a d i f f e r e n t  phys ica l  n a t u r e  

by day and by n ight .  

3. As K
P 

i n c r e a s e s ,  t h e  maximum dis turbance region s h i f t s  towards lower 

l a t i t u d e s ,  bu t  r e t a i n s  i t s  oval  shape i n  a l l  cases. 

4. For a q u i e t  magnetic f i e l d  (K
P -

< 1) t h e  oval  i s  l o c a t e d  a t  a ' %  71" 

i n  t h e  night t ime i n  win ter  both f o r  I G Y  and IQSY. For K
P 

= 5 i n  t h e  minimum 

years ,  t h e  ova l  i s  a t  cp' 'I, 70", while  i t  is  a t  a'  % 6 7 "  i n  t h e  max imum years.  / I 6 4-
These r e s u l t s  on t h e  dynamics of t h e  magnetic dis turbance ova l  are i n  good 

agreement with t h e  dynamics of t h e  aurora  b o r e a l i s  b e l t .  



5. The oval arrangement of t h e  maximum dis turbance  region i s  much more 

c l e a r l y  expressed i n  summer than i n  winter.  
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